STATEMENT OF WWORK
DEC 2004

NAVSEA NO. 802- 7379413
1,200 GALLON PER DAY

REVERSE OSMOSI S ( RO)
DESALI NATI ON UNI T



1.0 SCOPE

This Reverse Gsnmpsis (RO Desalination Unit is designed for the purpose of
produci ng 1, 200 gall ons per day (GPD) of freshwater with a total dissolved
solids | evel below 25 parts per million. This statement of work docunent
provi des the requirenents for the RO desalination unit.

1.1 Technical Data Package
The Contractor shall use this statenent of work document to produce the
required First Article and all other production units.

1.2 First Article Testing

The first RO Unit ship set shall be fabricated for use in First Article
Testing (see para. 4.3). The first RO unit ship set consists of two
i ndependent 1,200 GPD RO units.

1.3 Production

The Contractor shall begin design and fabrication of the First Article
Unit ship set, fromcontract award. Once First Article Testing has been
conpl eted, and test reports accepted and approved by the Contracti ng Agency,
the Contractor shall begin fabrication of the production units.

1.4 Critical Manufacturing Points (CWP)

Naval Surface Warfare Center (NSWC) or a NSWC designated agent will review
and i nspect ongoing nanufacturing efforts at the critical points |listed bel ow
during nanufacture of the First Article as well as at any tinme during
manuf acture of the RO units.

Critical Manufacturing Points (CVWP) are defined as:

a. at a point during the initial devel opnent of the process and
instrumentation and fl ow diagrans of the RO unit

b. at a point where the process and instrumentation and fl ow di agrans
are in final devel opnent and the initial Iist of conponents and naterials
of construction has been devel oped

c. at a point where the detailed drawi ng devel opment for the RO unit is
approx. 50 percent conplete, the process and instrunentation and fl ow
di agrams are finalized, and the majority of the conmponents have been
sel ect ed

d. at a point where the detailed drawi ng devel opment for the RO unit is
100 percent conplete, all the conponents have been selected, and prior to
actual start of fabrication

e. after unit fabrication is 75 percent conplete

f. after final assenbly

g. at the start of each of the first article tests

h. at the final unit inspection follow ng conpletion of all first
article testing.

The Contractor shall notify NSWC one week prior to reaching the above
CWPs.

2.0 APPLI CABLE DOCUMENTS
2.1 Cenera

The foll owi ng docunments shall forma part of this statenent of work
docunent to the extent specified herein



2.2 Gover nment Document s

2.2.1 Specifications, Standards, and Handbooks
The foll owi ng specifications, standards, and handbooks forma part of this
specification to the extent specified herein.

SPECI FI CATI ONS
M LI TARY

M L-F-1183J dated 5 May 1987 - Fittings, Pipe, Cast Bronze,
Si | ver Brazing, Ceneral Specification For

M L-S-1222G wi th Anendnent 3 dated 29 Decenber 1980 - Studs,
Bolts, Screws, Socket Head Cap Screws and Nuts

M L- E- 2036D dated 10 March 1988 - Enclosures for El ectric and
El ectroni ¢ Equi prrent, Naval Shi pboard

M L- DTL-2212H dated 10 February 1997 - Contactors and
Controllers, Electric Mtor AC or DC, and Associated Sw tching
Devi ces

M L- PRF-2490D dated 13 April 1999 - Snubbers, Fluid Pressure,
I nstrument Protection

M L-T- 16420K wi th Amendnent 1 dated 16 Septenber 1988 - Tube,
Copper N ckel Alloy, Seanl ess and Wl ded

ML-1-17244E with Notice 1 dated 7 June 1991 — Indicators,
Tenperature, Direct Reading, Binetallic, (3 and 5 Inch Dial)

M L- PRF- 20042E dated 16 Septenber 1999 - Fl anges, Pipe, Bronze,
(Silver Brazing)

M L-T-24270B dated 2 Septenmber 1983 - Thernowel I s for
Thernonmeters and El ectrical Tenperature Sensors, General
Specification for

M L-T-24388C dated 30 March 1990 — Thernocoupl e and Resi stance
Assenbl i es, General Specification for (Naval Shipboard)

M L-V-24578B dated 27 May 1988 - Val ves, d obe, Pressure
I nstrument, Stem Test Connection, Union End

M L- G 24643A dated 13 Mar 1996 — Cables and Cords, Electric, Low
Srmoke, for Shipboard Use, General Specification for

M L- D 24709 dated 4 Novenber 1988 - Distributed Isolation
Material Type R-50-21/64, 4 Novenber 1988

M L-1-45208A dated 20 Septenber 1995 - Inspection System
Requi renents, 20 Septenber 1995

STANDARDS

M L-STD-22D with Notices 1 and 2 dated 31 January 1984 - \Weld
Joi nt Design

M L- STD- 167/ 1 dated 19 June 1987 - Mechani cal Vibrations of
Shi pboard Equi pnent (Type |, Environnental and Type Il Internally
Exci t ed)

M L- STD- 167/ 2 dated 26 Novenber 1991 - Mechanical Vi brations of
Shi pboard Equi prent (Type 111, Reciprocating Machi nery)

M L- STD-461E dated 20 August 1999 - El ectronagneti c Em ssion and
Acceptabi lity Requirenents

M L-STD 470A with Notice 1 dated 26 August 1987 -
Mai nt ai nability Program for Systens and Equi prent

M L- STD- 781D dated 17 Cctober 1986 - Reliability Testing for
Engi neeri ng Devel opnent, Qualification, and Production

M L- STD-785B dated 3 July 1986 - Reliability Program for
Systens and Equi pnent Devel opnent and Production

M L- STD- 1310G dated 28 June 1996 - Shi pboard Bondi ng,
Groundi ng, and other Techni ques for El ectromagnetic Conpatibility
and Safety



STANDARDS (con’t)

M L- STD- 1399, Section 300A with Notice 1 dated 11 March 1992 -
Interface Standard for Shipboard Systens, Section 300A, Electric
Power, Alternating Current

M L- STD- 1627C dated 30 Septenber 1994 - Bendi ng of Pipe or Tube
for Ship Piping Systens

2.2.2 Oher Governnent Docurents, Draw ngs, and Publications
The foll owi ng other Government docunents, draw ngs, and publications forma
part of this docunent to the extent specified herein.

PUBLI CATI ONS
NAVAL SEA SYSTEMS COVVAND ( NAVSEA)

S9074- AR-d B-010/ 278 - Requirenents for Fabrication Wl ding
and I nspection and Casting |Inspection and Repair for Machinery,
Pi pi ng, and Pressure Vessels

S9074- AQ d B-010/ 248 - Wl di ng and Brazi ng Procedure and
Per f or mance Qualification

T9074- AS- G B-010/ 271 - Requirenents for Non-Destructive
Testing Met hods

S9073- A2- HBK-010 - U.S. Navy Resilient Munt Handbook

S9078- AA- HBK- 010/ DI M - Mount Desi gn Handbook, Distri buted
Isolation Material (DIM Navy - A Users Guide of Design,
Procurenent, Install and Inspection Info

S6430- AE- TED- 010 — Technical Directive for Piping Devices,
Fl exi bl e Hose Assenblies

0900- LP-001- 7000 wi th Change 1 dated January 1981 -
Fabrication and I nspection of Brazed Piping Systens

M L- HDBK- 267 — Cuide for Selection of Lubricants and Hydraulic
Fl ui ds for use in Shipboard Equi pnent

803-1385850J - Piping, Instrument Pressure for all Service

803-1385884 - Unions, Fittings and Adapters, Butt and Socket
Vel di ng, 6000 PSI WOG NPS

NAVAL MEDI CAL COVIVAND
P-5010-6 (0520-LP-206-6300) - Chapter 6 — Water Supply Afl oat
NAVMEDCOM | nstructi on 6240.1 — Standards for Potabl e Water

FEDERAL SPECI FI CATI ON
QQ N-00286F - Ni ckel Copper Al um num Alloy, Wought (UNS
NO5500), 29 Novenber 1990

2.3 Non- Government Publications
The foll owi ng docunments forma part of this statement of work docunent to
the extent specified herein.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)
B15.1 - Mechani cal Power Transm ssion Apparatus, Safety
St andard for
B16.5 - Pipe Flanges and Fl anged Fittings
NSF 60 - Drinking Water Treatnent Chemicals - Health Effects
NSF 61 - Drinking Water Systens Conponents - Health Effects
ANSI /| EEE 315A dated 31 Cctober 1975 - Graphic Synbols for
El ectrical and El ectroni cs D agrans
ANSI / | SO ASQC (®001-1994 - Quality Managenent Systens-
Requi renent s
ANSI /1 SO ASQC (©002-1994 — Quality Systens — Model for Quality
Assurance in Production, Installation, and Servicing



AMERI CAN SOCI ETY OF MECHANI CAL ENG NEERS ( ASMVE)

ASME Boil er and Pressure Vessel Code, Section VIII Division | -
Pressure Vessels

ASME Boil er and Pressure Vessel Code, Section I X - Wl ding and
Brazing Qualifications

ASME Boil er and Pressure Vessel Code, Section X - Fiber-
Rei nforced Plastic Pressure Vessels

B31.1 - Power Piping

Y14.1 - Decimal Inch Drawi ng Sheet size and Fornmat

Y14.2M - Line Convention and Lettering

Y14.3M - Miultiview and Sectional Draw ngs

Y14.5M - Di mensi oni ng and Tol eranci ng

AVERI CAN SOCI ETY FOR TESTI NG MATERI ALS (ASTM
A 354-00a - Standard Specification for Quenched and Tenpered
Alloy Steel Bolts, Studs, and Other Externally Threaded Fasteners
A 380-99 - Standard Practice for C eaning, Descaling, and
Passi vation of Stainless Steel Parts, Equi pment and Systens
A 563-00 - Standard Specification for Carbon and Al l oy Steel
Nut s
A967-99 - Standard Specification for Chem cal Passivation
Treatments for Stainless Steel Parts
B861-00 - Specification for Seanml ess and Wl ded Titani um and
Titani um Al | oy Pi pe
D512-89 - Method of Test for Chloride lon in Industrial Water
and Industrial Waste Water
D1125-95 - Standard Test Methods for Electrical Conductivity
and Resistivity of Water
D1141 - Substitute Ccean Water, Specification for
D4189-95 - Standard Test Method for Silt Density Index (SDI) of
Wt er
D4516-95 - Standard Practice for Standardi zi ng Reverse Gsnosi s
Per f or mance Dat a
F467-98 - Standard Specification for Non-Ferrous Nuts for
General Use
F468-98 - Standard Specification for Non-Ferrous Bolts, Hex
Cap Screws, and Studs for General Use
F593-98 - Standard Specification for Stainless Steel Bolts,
Hex Cap Screws, and Studs
F594-98 - Standard Specification for Stainless Steel Nuts
F992-86 - Specification for Valve Label Plates
F1166-95a - Human Engi neering Design for Mrine Systens,
Equi prent, and Facilities
F1508-96 - Specification for Angle Style, Pressure Relief
Val ves for Steam Gas, and Liquid Use

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON

250 - Enclosures for Electrical Equiprment (1000 Volts Maxi mum

ICS 1 - General Standards for Industrial Control and Systens

ICS 2 - Industrial Control Devices, Controllers and Assenblies

ICS 3.1 - Handling, Storage, and Installation CGuide for AC
General Purpose Medi um Vol tage Contactors and Class E controllers,
50 and 60 Hertz

ICS 4 - Termnal Blocks for Industrial Use

| EEE 45 dated 19 COctober 1998 - Recommended Practice for
Electric Installations on Shipboard

M5 1 - Mdtors and Generators

OCCUPATI ONAL SAFETY AND HEALTH ADM NI STRATI ON ( CSHA)
1910. 219 - Mechani cal Power-Transm ssi on Appar at us
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SCOCI ETY OF AUTOMOTI VE ENG NEERS ( SAE)

J121 - Decarburization in Hardened and Tenpered Unified Threaded
Fast eners

J1453 - Specification for Oring Face Seal Fitting

J1926/1 - Specification for Straight Thread Oring Boss Ports

HYDRAULI C | NSTI TUTE
Anerican National Standard for Reciprocating Power Punps

MANUFACTURER S STANDARDI ZATI ON SCCI ETY OF THE VALVE AND FI TTI NG
| NDUSTRY
MBS SP-119 - Bell End Socket Welding Fittings, Stainless Steel
and Copper N ckel

2.4 Oder of Precedence

In the event of a conflict between the text of this statement of work
docunent and the references cited herein (excluding the specifications), the
text of this statement of work docunent takes precedence. Nothing in this
statenent of work docunent, however, supersedes applicable | aws and regul ati ons
unl ess a specific exenption has been obtai ned.

3.0 DETAI L REQUI REMENTS

3.1 Characteristics

The RO unit shall be capabl e of producing freshwater (potable grade) from
seawat er under all conditions of salinity, tenperature, and Silt Density | ndex
(SDI) as specified in para. 3.3.3. The unit shall require mninal operator
attention and manning as specified in para. 3.4.1. The RO desalination unit
shall be an electrically operated, package-type (skid nmounted) unit ready for
operation after installation aboard ship. The RO desalination unit shall be
desi gned such that the envel ope size for the conplete 1,200 GPD unit shall be
no greater than 62 inches tall, 34 inches wide, and 29" deep. The RO unit
shal | be designed such that all the access for unit operation and nai nt enance
will be fromthe front of the unit (34 inch width) and require no nore than a
62" tall, 34" wide by 28" deep naintenance envel ope. There will no access to
the sides, top, or rear of the ROunit when installed aboard ship. No
permanent part of the RO shall extend into the maintenance access envel ope area
at the front of the unit. The dry weight of the unit shall not exceed 1600 | bs.
The contractor installing the ROunit will be responsible for installing the
pi pi ng and el ectrical cables interconnecting the RO unit with the machinery
control console, power panels, and ship fluid systenms using an installation
procedure provided by the RO unit nanufacture.

3.1.1 Ship Interface Connections

Piping interfaces shall termnate at the side edges of the RO unit
boundary. Ship interface connections shall not term nate at the rear, top, or
bottom edges of the unit. The size and | ocation of the term nal connections
shall match the attached piping size and terminate with a flanged nechani cal
joint. Al |ow pressure piping systeminterface flanges shall be fabricated
from bronze materials, in accordance with M L-PRF-20042E, (copper nickel piping
systens only) or the sane material as the piping and dinmensionally in
accordance with ASME/ ANSI B16.5 or with MI. Spec. M L-PRF-20042E dated 16
Sept enber 1999 for non-ferrous alloy flanges with a flat face flange facing and
non-netal lic gaskets. The connections for the seawater feed supply, brine
di scharge, freshwater flush supply, and perneate outlets shall be |ocated on
the unit lower right side of the perineter. The comon unit gravity drain
connection for the conplete systemand the LP air supply (if used) shall be
| ocated either the right or |eft side edge of the envel ope. The piping



i nterface connections shall not be |ocated such that they will interfere with
RO unit mai ntenance. The follow ng piping interfaces shall be required

3

1

a. Seawater supply to the unit.- RO systemshall be supplied with
single 3/4” NPS seawater supply located on the |lower right side perineter
of the unit. This seawater supply will be provided froma pressurized
firemain system nmaintained at 95 to 150 psi. The RO unit shall be designed
to operate with a seawater supply pressure within this range w thout the
need for a pressure reducing station. Piping class shall be 200 with 150
psi flanges. The |ow pressure seawater supply inlet piping systemdesign
pressure shall be at |east 150 psi

b. Brine discharge overboard.- One 1/2” NPS interface connection for
the RO unit, located on the |ower right side perineter, shall be provided
Pi pi ng design pressure shall be 50 psi

c. Permeate discharge to storage tank.- One 1/2” NPS interface
connection for the RO unit, located on the | ower right side perineter,
shall be provided. Piping design pressure shall be 50 psi

d. Perneate discharge to waste.- One 1/2” NPS interface connection for
the RO unit, located on the |Iower right side perineter, shall be provided.
Pi pi ng design pressure shall be 50 psi

e. Gavity drain.- One 3/4” NPS interface connection shall be provided
for the ROunit. Pretreatnment, high pressure punp, and systen conponent
drai n/vent and punp gland cavity drains, as necessary, shall be conbined
into a single connection for connection to the ships gravity waste water
drai n system Piping design pressure shall be 50 psi

f. De-chlorinated freshwater flush supply.- One 1/2” NPS interface
connection for the RO unit, located on the | ower right side perineter,
shal | be provided. Nornal freshwater supply operating pressure shall be 40
psi, nmaxi mum operating pressure shall be 50 psi. Piping system design
pressure shall be 50 psi

g. Low Pressure (LP) air supply.- One % NPS or fenale straight
thread i nterface connection for the RO unit shall be provided for the RO
unit if needed. Normal LP Air supply pressure will be 100 psi. Piping
system desi gn pressure shall be 150 psi.

2 System Requirenents
The RO unit shall include the appropriate piping conponents (piping,

fittings, valves, check valves, relief valves, etc.), punps, and flowreters to
ensure that the following requirenments, at a mininum are satisfied

a. Isolating, draining, and re-filling the filter vessel(s) to permt
cartridge filter replacenent.

b. Automatically back-flushing and rinsing the nedia filter.

c. Protecting the brine, perneate, and high pressure seawater feed
systens from over-pressurization

d. Isolating the seawater feed to the RO unit.

e. Mintaining seawater feed pressure to the HP punp within the limts
prescri bed by the punp manufacturer.

f. Automatically freshwater flushing the RO unit whenever the unit is
secured or weekly when the unit has not been operated.

g. Automatically flushing the ROunit nedia filter weekly when the unit
has not been operat ed.

h. Preventing the brine and perneate from back-flowing into the RO
unit.

i. Measuring the brine (or feed) and perneate flow rates of each pass
in GPM and the cunul ative total of final perneate produced in gallons.

j. Venting of entrained air fromincon ng feedwater.

k. M nim zing entrapped air in the RO unit.

l. Permitting the continuous operation of the RO unit when salinity
nmonitoring device is renoved for repair or replacenent.
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m Collecting unit drainage (punp shaft/plunger seal |eakage, relief
val ve di scharge, filter vessel drainage, piping, and conponent drainage as
necessary) to a common point.

n. Di schargi ng perneate overboard through a dedi cated connecti on.

3.1.3 Shelf Life

Shelf life capability of the RO systemshall be no |l ess than 12 nonths.
Shelf life is the period of time fromdelivery until systemstartup. Follow ng
the shelf life period the RO shall still have the specified operational service
life without conmponent or part replacenment, adjustnent, or nmintenance action.

3.2 Qualification

RO units furnished under this statenent of work docunent shall be products
that are nanufactured in accordance with the inspection requirenents of either
para. 3.2.1 or 3.2.2.

3.2.1 First Article
A sanple unit shall be subjected to first-article inspection along with
other tests and requirenents as specified in para. 4.3.

3.2.2 Quality Conformance
The RO unit shall be subjected to quality confornmance inspection in
accordance with para. 4.4, which includes an 8-hour operational test.

3.2.3 Configuration Changes

Any nodifications to a previously qualified design ROunit shall be the
basis for repeating first article testing (see para. 3.2.1) of the entire unit
or conponent. The Contractor nmay request fromthe procuring activity a waiver
of all or part of the first article tests. The request shall provide a
technical rationale for the waiver. The procuring activity shall nake the
final determination on the waiver request.

3.3 Perfornmance Requirenents

3.3.1 Capabilities

When operating at specified environmental conditions (see para. 3.3.6) and
within the specified pressure limts (see para. 3.3.2), the RO desalination
unit shall be capabl e of producing acceptable quality perneate (see para.
3.3.4) over the entire range of specified seawater conditions (see para.
3.3.3). Production rate under various seawater conditions shall be in
accordance with para. 3.3.1.1. 1In addition, the ROunit shall remain on-line,
produci ng acceptable quality perneate (see para. 3.3.4) with seawater
tenperature swings of 18 degrees F w thout operator interface.

3.3.1.1 Perneate Production Rate

The design capacity of the ROunit, with a first pass 0.85 nenbrane fouling
factor or the equivalent applied, shall be 1,200 GPD with a seawater feed
salinity of 45,000 ppm and feed tenperatures between 75 degrees F and 104
degrees F. The maxi mum first pass perneate recovery shall not exceed 26
percent . For a 60 degrees F seawater feed tenperature and feed salinity of
45,000 ppm the production rate shall not be I ess than 800 GPD. At the feed
salinity of 45,000 ppmand a feed tenperature of 75 degrees F the unit shall be
capabl e of neeting full rate w thout exceeding the allowabl e operating
pressure. A neans shall be provided for ensuring uniformperneate flowrate
over time such that a variation in perneate fl ow does not deviate by nore than
+ 1 percent of the nom nal set value during any 15 minute operating period.
Brine/ concentrate throttling devices shall be utilized to ensure uniformty of
flowwith operating tine. Gate and ball valves shall not be used for
throttling. The maxi mum perneate and brine back pressure on the ROunit is
expected to be 15 psi.
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3.3.2 perating Pressure
The RO unit operation shall not exceed RO nenbrane el ement nanufacturer’s
operating pressure limtations.

3.3.3 Natural Seawater Feed Characteristics
For design purposes, natural seawater feed entering the RO unit shall be
consi dered to have the follow ng characteristics.

SEAWATER PROPERTI ES CHARACTERI STI C
Total Dissolved Solids (TDS) 25,000 to 45,000 ppm
Maxi mum Silt Density Index (SD) 6.0
(15 minutes) (ASTM D 4189)
H gh density suspended solids 20 ppm (noni nal)
(specific gravity >1.7, size >75 mcron)
Low density suspended solids 30 ppm (nomninal)
(specific gravity <1.7, size <75 m cron)
pH range 7.0 - 8.4
Tenperature range 35 — 104°F

3.3.4 Perneate Water Quality

The pernmeate (freshwater) quality shall nmeet the requirenents of NAVMEDI NST
6240.1 and NAVVED P-5010-6 and that perneate salinity be 25 ppm TDS or fewer.
Wth new nmenbranes installed and operating with 45,000 ppm seawat er feed,
perneate salinity shall not exceed 20 ppm TDS t hroughout the seawater inlet
tenperature range given in para. 3.3.3.

3.3.5 Service Life

Each unit shall be designed for a useful service life of 20 years w thout a
failure of the follow ng nmajor conponents: RO pressure vessels (including end
caps), nedia and cartridge filter housings, strainer housings, centrifuga
separator, high-pressure punp casing(s), pulsation reduction device housings,
pi ping and unit frames and base(s).

3.3.6 Environmental Conditions

Each unit shall be designed for operation at anbient air tenperatures
bet ween 60 and 125 degrees F. Seawater splashing onto the unit can be expected
to occur during filter el enent replacenent.

3.4 (Qperation

3.4.1 Nornal Operation

RO unit shall be designed to start-up and produce the specified quantity
and quality of permeate within 15 minutes or less. Normal operation shall
require no nore than 5 mnutes of single operator attention for every 4 hours
of operation. The maximumtinme for normal shutdown, including freshwater
flushing, is 20 mnutes. See para. 3.5 for description of control and
i ndi cation system

3.4.2 Monitoring

A neans shall be provided to nonitor the first pass perneate. A neans
shal|l be provided to nonitor and automatically divert high TDS final perneate
(as specified in para. 3.3.4) to waste and to ensure that the unit shall
continue to operate during this time. A means shall also be provided for
manual | y (not autonmatically) redirecting permeate fromwaste |ine back to the
freshwat er tanks when perneate readi ngs are acceptable. The nonitoring system
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and the conponents to automatically divert high TDS pernmeate shall neet paras.
3.5.2, and 3.19.14.

3.4.3 Startup/ Shut down

The unit shall be started manually until operating nornally and producing
acceptabl e quality perneate as specified in para. 3.3.4. The unit shall be
automatically monitored for abnormal conditions by controls and indicators as
specified in para. 3.5 and shall autonatically shutdown when any one of the
shut down conditions identified in Table |I is encountered. Once the operator
has corrected the problem the unit shall be restarted nmanually. Fully
automatic restarts shall not be allowed, except when back-flushing the nedia
filter.

3.4.4 Restrictions on Use of Chemicals

The use of chemicals is prohibited for normal operation in order to
m ni m ze Hazardous Material (HAZMAT) storage, handling aboard ship, and
di scharge. Chenicals may be provided for use in the event that cleaning of
nmenbrane el enents is necessary (see para. 3.19.20) follow ng mneral scale,
organi ¢ or hydrocarbon contam nation. Such cl eaning, however, is not to be
construed as a nornmal operational procedure. Installation of a permanently
nmount ed cl eaning tank is not required.

3.4.5 Energy Consunption

The RO unit shall produce the specified rate of perneate with an energy
consunption of 80 BTUIlb (convert to BTU gal) perneate or |less. Energy
consunption shall be cal culated on the basis of the punping energy consumed by
electrical notors and the electrical power consuned by other electrica
conponents used in the process of desalinating the feed seawater at a salinity
of 45,000 ppm TDS and 75 degrees F tenperature

3.5 Controls and Indicators

Monitor, alarm startup and shutdown functions for the RO unit shall be
centralized on a Human Machine Interface (HM) flat panel display. Aligning
unit for operation, manual activation of nedia filter back-flush and rinse,
seawat er feed, freshwater flush, freshwater flush punp start/stop, perneate
dunp val ve test and activation shall be provided fromthe HM. The m ninmum
instrunentation for a reverse osnobsis unit shall be as listed in Table I and
para. 3.5.1.4. Installation shall be as detailed in para. 3.20. The interface
shal|l display the first out indication where only the first condition to cause
a summary fault or alarmis indicated prior to acknow edging the alarm The
HM shall also provide access to a history of unit alarmcondition and
frequency of media filter back flush and unit freshwater flush history.
Dedicated circuits shall be provided for each of the rembte indications as
listed in Table |I. Dedicated circuits, rated for 120VAC/ 28VDC usi ng i nternal
normal | y open or external normally closed contact circuits, shall be provided
for remote indication of unit status (RO unit operating or secured), summary
fault, sunmary alarm salinity dunp val ve position, renote comanded unit
emer gency shutdown (wi thout freshwater flushing), freshwater flush punp
start/stop and salinity dunp val ve actuation (renote powered signal). Anal og
signals for high pressure punp di scharge pressure (4-20md) and perneate
salinity (0-1mA isolated signal) shall be provided. Each of these circuits
wi Il be connected to a dedicated data acquisition/comrmand interface to the
shi ps machi nery control system and di splayed or controlled fromthe ships
nmachi nery control consoles. Electrical controls and instrunentation shall not
be |ocated in areas where they could be exposed to fluid | eakage during
calibration and mai ntenance. The brine and concentrate back pressure control
throttling devices shall be within direct Iine of sight of the perneate fl ow
nmeter indications.
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3.5.1 Installation

Pressure instruments and associ ated piping shall be installed as detailed
in drawi ng, NAVSEA No. 803-1385850, Rev.J, dated 31 July 1990. |In addition
the follow ng shall apply:

a. Each instrument shall have an individual gage isolation and test

valve. The isolation valve shall be in accordance with M|. Spec. ML-V-
24578B dated 27 May 1988

b. Instrunent tubing below 1/4-inch outside dianmeter is prohibited.

c. Pressure connections for instrunentation shall be external threaded
for “Oring” face seal union in accordance or SAE J1453. |Internal threaded

connections to mechanical or electrical instrunentation shall be in
accordance with SAE J1926/1. Tapered pi pe threads are prohibited, except
for freshwater systens with design pressures bel ow 50 psig, provided the
unit passes the shock and vibration testing requirenents.

d. Materials selected for the fluid containing conponents shall be in
accordance with para. 3.16.

e. Conponents shall meet the pressure rating and tenperature of the
fluid that is being nonitored.

f. Instrunent root valves are not required

3.5.1.1 Pressure Instrunents

Pressure gages, where used, shall use U S. Customary (English) units of
neasurenent. The range of scal e chosen shall be such that the nornal
operating point is in the mddle half (25 to 75 percent) of the scale.
Pressure gages shall have a manual ly adjusting red-colored pointer in
addition to the indicating pointer. The red hand shall be set at
approxinately the nore critical maxi mum or m ni nrum operating pressure for the
applicabl e system Pressure transducers, with renpote readouts on the HM,
shal |l be used for all indications needed for nonitoring and control of the RO
unit. Snubbers, in accordance with MI. Spec. M L-PRF-2940D dated 13 Apri
1999, shall be provided in the sensing line to all transducer and to pressure
gages subject to pulsation. Pressure instruments shall neet the visibility
requi renents of ASTM F1166.

3.5.1.2 Tenperature Instrunments

Thermoneters shall use U S. Customary (English) units of measurenment. The
range of scal e chosen shall be such that the normal operating point is in the
m ddle half (25 to 75 percent) of the scale. The accuracy shall be within + 1
percent of the full scale. Thernonmeters shall conformto MI. Spec.
ML-1-17244E with Notice 1 dated 7 June 1991. Thernoneter first article
testing in accordance with ML-1-17244 nmay be wai ved provi ded the RO unit shock
and vi bration and endurance test requirenents are net. Thernocouple and
resi stance tenperature detector assenblies in accordance with MI. Spec. ML-T-
24388C dated 30 March 1990, with renote readouts nay be used in lieu of
t hermonmeters, provided the provisions in this section are met. Piping
tenperature instrunents shall be installed in sockets (wells). Thernmowells
shall be 3/8 inch nomnal bore dianeter in accordance with MI. Spec. ML-T-
24270B dated 2 Septenber 1983. The tenperature instrunent shall neet the
visibility requirenents of ASTM F1166

3.5.1.3 Not used
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3.5.1. 4 Manual | y operated swi tches

Manual | y operated sw tches and indicators shall neet the requirenents of
M1. Spec. ML-C 2212H dated 10 February 1997 or as detailed in para. 3.20.
Table Il lists typical switches, applicable indicators, and their function.
Swi tches shal|l preclude inadvertent actuation, restarting of the unit or
actuation of any electrical conmponent after power is restored followi ng a | oss
of power situation, and shall be readily accessible.

TABLE | .- LIST OF MONI TORS, ALARMS, AND SHUTDOMNS
DESCRI PTI ON | NDI CATI ON/ ALARM RO UNI' T REMOTE
METER | NDI CATI ON  SHUTDOWN | NDI CATI ON
Pressure
Feedwat er supply X
Freshwat er flush supply X LO LO Sunmary fault

(when fl ushi ng)
Per meat e di scharge press
HP punp suction
HP punp di scharge

Sunmary fault
HI Sunmary fault
Anal og Si gnal

X X X
g
O

Medi a and Cartridge Filter

I nl et X
Qut |l et X
Differential pressure
Cartridge Filter X HI Sunmary al arm
Media Filter X HI Sunmary al arm
(if not reset follow ng backfl ush)
Tenperat ure
Feed inl et X
Fl ow
Feedwat er or brine X
First Pass Perneate (gpn X
Fi nal Perneate (gpm X
Final Perneate (totalizing) X
Salinity
First pass conductivity X
Fi nal pernmeate conductivity X HI Sunmary al arm
(trips dunping system Anal og Si gnal
Hi gh pressure punp overl oad Over | oad Sunmary fault
El asped operating tine X
Permeate Sterilizer Failure X Sunmary al arm
TABLE I11.- LIST OF MANUAL SW TCHES ( TYPI CAL)
SW TCH DESCRI PTI ON LAMP FUNCTI ON
Start/ Stop X Ener gi zes systemto operate
and start HP punp (provided
all pump perm ssives are
met )/ Secures system and
initiates fresh water flush
Nor mal / Manual Qperation Al l ows operation with

control system bypassed.
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3.5.2 Salinity Indicating System

The equi pnent shall have the ability to nmonitor first pass and fina
perneate conductivity and activate the final perneate dunp val ves and HM
indicators and alarns. A high salinity condition shall actuate an audibl e
alarmin addition to the summary alarmand high salinity indication. The neter
range shall be in either mcromhos/cmor mcroSiemens/cm The salinity nonitor
shall be fully temperature conpensated. A conpletely isolated 0-1 mA DC anal og
out put shall be provided for renpte indication of the salinity reading. The
salinity cell installation shall allow for renpval of the salinity cell and
nmanual sanple collection while the RO systemis operating for nmintenance and
repair. Salinity cell renoval shall be acconplished without having to tw st
the attached cabl e.

3.5.2.1 Mounting
Salinity systemnonitor shall be either incorporated into the contro
system cabi nets or nounted adjacent to the control system encl osure.

3.5.2.1.1 Identification
Identification plates for the salinity cells shall be attached to the cell
body. The follow ng mninuminformation shall be provided:

SALINITY MONI TOR SENSOR
Manuf acturer’s name and serial nunber Manuf acturer’s name and seria
nunber
Rati ngs and range Cel | constant
Part nunber Part nunber

3.5.2.3 Operating Instructions
Instructions for operating and interpreting all controls and indicators of
the salinity indicating equi prent shall be indicated on the HM. At a m ni num
the follow ng instructions shall be provided:
a. Testing the conductivity nonitor and dunp val ve operation
b. Acknow edgi ng an alarm condition
c. Resetting and alarmcondition and re-activating the dunp val ve.

3.5.2.4 Salinity Mnitor Cooling

Monitor cooling shall be acconplished using only external natural air
convection circulation. Fluids other than natural convection air are
pr ohi bi t ed.

3.5.2.5 Access to Internal Parts
Ready access to all internal parts shall be obtained through the hinged
front door of the control panel

3.5.2.6 AlarmLevel Control

A neans shall be furnished for checking nonitor operation on the HM so
that the operator can observe the visual and audi bl e al arm signal and dunp
val ve actuati on.

3.5.2.7 Aarns
The characteristics of both the audible alarns and visual displays shall be
in accordance with ASTM F1166

3.5.2.8 Dunp Val ve

The salinity indicating systemshall be provided with the neans to
autonatically actuate an i ndependent, solenoid operated dunp valve to divert
hi gh TDS wat er overboard via a sight flow indicator. An indicator shal
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illum nate on the HM whenever the dunmp valve is diverted to discharge
over boar d.

3.5.2.9 Accuracy
The accuracy of the salinity indicating equi pnent shall be as follows:

a. Salinity monitor accuracy (sinulated input at the nonitor) plus or
m nus 3 percent of full scale nmeter arc.

b. System accuracy (actual input fromsensors). The salinity nonitor
neter shall duplicate the standard reference instrument within plus or
m nus 5 percent of nmonitor nmeter full scale arc in accordance w th para.
4.5.16. 3.

c. Sensor cell constant accuracy - plus or mnus 2 percent when tested
in accordance with nethod A of ASTM D1125.

d. Alarmaccuracy plus or mnus 5 percent of set point.

3.5.2.10 Sensor Tenperature Conpensator Response

The tine required to reach 63 percent of a 50 degrees F change in fluid
tenperature (that is, 63 percent of the difference in resistance between
stabilized baths) shall be |ess than 30 seconds (see para. 4.5.16.2).

3.5.2.11 Overrange

The salinity indicating equipnent shall be capabl e of being overranged,
i ncludi ng having a short circuit across sensor el ectrodes, tenperature
conpensator, and both el ectrodes and tenperature conpensator without damage
to sensor or salinity nonitor (see para. 4.5.16.4).

3.5.2.12 Calibration
The salinity monitor calibration procedures and test equi pnent using test
resistors shall be provided.

3.6 Preventative Miintenance and Repair

Mai nt enance actions and repairs, with the exception of notor rew nding,
shal | be capabl e of being perforned on board ship using the avail abl e access
detailed in Para 3.1. The follow ng accessibility requirements shall apply:

a. Al mjor test points, adjustnments and servicing points peculiar to
the unit shall be readily accessible without the need to first renove
obstructions. Any conponent that is subject to periodic inspection or
repl acenent shall, |ikew se, be readily accessible without the need to
remove obstructions.

b. Warning | abels shall be readily visible and readabl e by the operator
whil e standing or kneeling adjacent to the unit. These plates shall be
nount ed on or adjacent to the unit.

c. Unit conponents that weigh nore than 44 pounds and are renovable for
nmai nt enance or in-place repair shall have lift lugs, eyes, or pads.

3.6.1 Preventative Mintenance
Preventative (schedul ed) nai ntenance, except for a daily visual inspection
shal | be required no nore than once every 7 days.

3.6.2 Repair

Requi renents for non-standard size and special tools, jigs, and fixtures
shall be kept to a mininum Those special tools, jigs, and fixtures that are
requi red for mai ntenance or repair shall be supplied with the ROunit. Special
tools are defined as those itens not listed in the Federal Supply Catal og. The
unit shall be designed to allow for disassenbly and re-assenbly without the
need for wel di ng when repl acenent of conponents is required.

3.7 Reliability
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The Contractor shall provide a standard warranty for the RO systemfor a
m ni mum peri od of one year from activation aboard ship. The RO unit shall neet
or exceed the follow ng requirenents:

Mean- Ti ne- Bet ween- Fai | ure (MIBF) (operating hours) 2000
Qperational availability-Ay (percent) 99
Unit design life (years) 20
Mean- Ti ne- To- Repair (MITR) (hours) 3.0
Maxi mum Ti me- To- Repai r (Mraxct) (hours) 6.0
Mean- Prevent ati ve- Mai nt enance-Ti ne (Mdt) (hours) 0.5

Maxi mum Pr event ati ve- Mai nt enance- Ti me ( Mraxpt)

(‘hours) 1.0
M nimumtine between overhauls (punp only)

(operating hours) 10, 000
Mean nai ntenance tinme (hours per nonth continuous operation) 2.0

3.8 Hydraulic Pressure

Al'l conponents of the unit which are exposed to positive pressure, with the
exception of the nenbrane el enents, shall w thstand, w thout plastic vyielding,
per manent deformation, or mal function (| eakage and so forth), a hydrostatic
test pressure of 1.5 tines the design pressure of the itemfor no |l ess than 30
m nut es.

3.9 Interchangeability

In no case shall parts (except for the first and second pass nenbranes) be
physi cally interchangeabl e or reversible unless such parts are al so
i nt erchangeabl e or reversible with regard to function, perfornmance, and
strength.

3.10 Electronmagnetic Interference

The RO unit shall neet the el ectronagnetic interference (EM) requirenments
of M L-STD-461E dated 20 August 1999 for surface ship equi prent nounted bel ow
deck.

3.11 Not used.

3.12 Vibration Requirenments

The conpl ete RO system shall neet the requirenent of ML-STD 167-1 for the
frequency range of 4 to 50Hz. Reciprocating type high pressure punps (if used)
shal| al so be anal yzed and tested for Type IIl torsional vibration in
accordance with M L-STD 167/ 2.

3.13 Requirenents Due to Ship Attitude or Motion
The conpl ete RO system assenbly shall be nounted with the long axis in the

forward/aft alignment. The unit shall nmintain design performance w thout

danage or degradati on when under the follow ng conditions:

- Wien the ship is permanently trimed down by the bow or stern as much as
7 degrees fromthe normal horizontal plane.

- Wien the ship is permanently listed up to 15 degrees to either side of the
vertical.

- \Wien the ship is pitching 15 degrees up or down fromits normal horizontal
plane with a period of 9 seconds.

- Wien the shipis rolling up to 35 degrees to either side of the vertical
with a period of 9 seconds.

3.14 Vibration Control

Resilient nounts shall be provided for the high pressure punp base,
attached components. Resilient mounts shall be selected and installed in
accordance with publication, S9073-A2-HBK-010. Distributed Isolation
Material (DIM, resilient or Governnent-approved nounts maybe used to further
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i sol ate the high pressure punp fromthe ship's structure (see paras. 3.19.24
and 3.19.25). These DIMnounts (if used) shall be provided with the RO unit.

3.15 ldentification Plates
The RO unit shall bear an identification plate with the follow ng
i nformati on:

Itemidentification (equipnent title, serial nunber, part nunber)
Si ze (1,200 GPD)
Name and address of nmanufacturer
. Contract or order number (use width of plate to all ow maxi num nunber
of spaces)
e. National stock nunber (allow 20 spaces)
f. Date of manufacture.

co0oow

Label plates shall be clearly legible, permanently secured, and shall | ast
for the life of the RO unit.

3.15.1 Valve ldentification Plates
Val ves shal |l be marked in accordance with ASTM F992, with the val ve
function or description and the valve nunber identified in the flow schematic

3.15.2 Information Plates

Information plates shall be provided for the conplete system and shal
include, but not be limted to: startup and shutdown procedures and fl ow
schematics. A single set of these plates shall be provided with the RO system
for mounting by the installation contractor. Information plates shall neet the
visibility requirenents of ASTM F1166

3.16 Materials

Materials used in the RO unit shall be conpatible with the environment in
which they will operate and provide the desired service |life. The maxi mum
general corrosion rate or pitting corrosion rate shall be limted to 2 mils
per year (npy) for those internal surfaces and materials used to contain
carry or transport seawater. Acceptable netallic materials and fittings for
contact with seawater are nickel -alum num bronze, valve bronze, 90-10 or 70-
30 copper-nickel, monel, titanium Superaustenitic alloys such as AL-6XN (UNS
N08367), SMO 254 (UNS S31254), or cast 20Mb6 (UNSJ94631), Superduplex all oy
type 2507 (UNS S39275), or Ni-Cr-M-Fe alloy such as Hastel oy C276 (UNS
N10276), C-22 (UNS N06022), C-2000 (UNS N06200), 59 (UNS NO6059), or 686 (UNS
NO6686). Acceptable netallic materials and fittings for contact with
seawat er during nornmal operation and flushed with freshwater while unit is
secured al so include alloy 20, CDAMCu and CN/M Al |l stand-al one non-netallic
materials that nmay come in contact with pernmeate shall be ANSI NSF 60 and NSF
61 approved. This includes thread lubricants, Oring lubricants, and hoses.
This requirement does not apply to non-nmetallic parts contained inside a
metal |l i ¢ component such as val ve packing or soft seat materials.

3.16.1 Excluded Materials

3.16.1.1 Stainless Steel

Austenitic stainless steels (UNS 300 and 400 series) and high ferrous all oy
steels shall not be used in any conponents or piping used for containing,
carrying, or transporting seawater, first pass perneate, second pass
concentrate, or brine. Use of austenitic stainless steel allows is pernmtted
for components or piping carrying or transporting second pass perneate.

3.16.1.2 Copper-silicon Fasteners
Copper-silicon and silicon-bronze fasteners shall not be used
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3.16.1.3 Mercury

RO units shall contain no mercury in any form No nercury-bearing
i nstrunents or equi prent, except for mercury-vapor lighting, that m ght cause
contami nation shall be used in the nanufacture, fabrication, assenbly, or
testing of any material. In the event of any accident involving mercury
contami nation of the material being furni shed or suspicion of such
contamination, notify procuring activity inmediately.

3.16.1.4 Magnesi um and Al um num
Magnesi um and nagnesi um al | oys shall not be used in any conponent.
Al umi num and al um num al | oys shall not be used for water-wetted applications.

3.16.1.5 Cadm um Pl ating
Cadmi um pl ating shall not be used on any conponent.

3.16.1.6 Plastics

Toxic materials such as polyvinyl chloride (PVC, chlorinated polyvinyl
chloride (CPVC), pol ybutadi enes (PB), polyethylene (PE), and acrylonitrile-
but adi ene-styrene (ABS) shall not be pernmitted to be used in any conponent of
the RO unit because of fire hazard. Menbrane el ements contained within a
pressure vessel are excluded fromthis requirenment.

3.16.1.7 Silicone

To elimnate the potential for fouling the RO nenbrane, the use of silicone
| ubricants and seal ants shall be m nimzed anywhere they can cone in contact
with the direct feed to the menbranes. Were silicone is in contact with the
direct feed to the menbranes, guidance shall be provided to ensure sparing
application of the silicone

3.16.1.8 Lead

Lead and its compounds shall not be used where they can cone in contact
with seawater feed, perneate, or freshwater. The |ead content in bronze alloys
shall not exceed | evels allowed by ASTM B61. Leaded bronze alloys shall not be
used.

3.16.1.9 Recycled, Recovered, or Environmentally Preferable Materials
Recycl ed, recovered, or environmentally preferable materials shall be used

to the maxi mum extent possible provided that the naterial neets or exceeds the

operational and nami ntenance requirenents, and pronotes economcally

advant ageous |ife cycle costs.

3.16.2 Corrosion Prevention/Contro

For seawater wetted conponents, mating naterials shall be galvanically
conpatible as mating materials having electronotive force (enf) difference |ess
than 200 mllivolts (nV). Were the naterials are not conpatible w thin 200
mllivolts (nmV), they shall be properly isolated. Paint shall not be
consi dered an appropriate insulator for this application.

3.16.3 Mbisture and Fungus Resi stance

The unit shall be designed so that its constituent materials are not
nutrients for fungi. The materials used, other than the RO nenbranes and
filter media, shall not absorb and hold noisture. No materials used in the RO
unit shall degrade in the presence of noisture.

3.16.4 Lubricants

Lubricants and/or hydraulic fluids shall be selected fromthose
standard lubricants and hydraulic fluids listed in M L-HDBK-267. Conmponents
and equi pnent that do not require relubrication by ship's force during
routi ne mai ntenance between overhauls are not required to utilize a standard
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lubricant. The use of lubricants not listed in ML-HDBK 267 will require
witten approval from NSWC.

3.17 Fabrication

3.17.1 Wl ding and Brazing

Wl di ng and i nspection of pressure vessels, castings and piping shall neet
the requirenments of publication, NAVSEA S9074- AR-d B-010/278. Joint design
shall meet the requirenents of ML-STD 22D dated 31 January 1984. There shall
be no pockets, crevices, porosity, or notches, which could becone points of
stress concentrations. The use of backing strips in pressure vessels shall not
be permitted. Silver-brazed piping joints shall be acconplished in accordance
wi th publication, NAVSEA 0900-LP-001-7000. Silver brazed piping joints are not
permtted in class P-1 piping or A-1 pressure vessels per NAVSEA S9074- AR- d B-
010/ 278. Any brazing alloy containing | ess than 43 percent silver shall not be
permtted. Al structural welding and inspection shall neet the requirenents
of publication, NAVSEA S9074- AR-G B-010/278. Requirenents for nondestructive
testing shall conformto publication, NAVSEA T9074- AS-d B-010/271. Welding
procedure and wel der performance qualifications shall be acconplished in
accordance w th publication, NAVSEA S9074- AQ 010/ 248.

3.17.2 Casting Inspection and Repair

I nspection and repair of castings shall neet the requirenments of sections
12 and 13 of publication, NAVSEA S9074- AR-d B-010/278. Requirenents for
nondestructive testing shall conformto publication, NAVSEA
T9074- AS-d B- 010/ 271.

3.17.3 Pressure Vessels

Al pressure vessels, except for cast netallic strainer bodies (if used)
shall meet the regul ations of ASME Boiler and Pressure Vessel Code, Section
VI1l, Division 1 or Section X, Cass |, but do not require ASME stanpi ng
regardl ess of size or pressure. dass Reinforced Plastic (GRP) pressure vessel
attachnents and supports, if used, shall neet the perfornmance requirenents of
ASME, Section X, Appendix AA-5.

3.17.4 Franmes and Bedpl at es

The frames and bedpl ates used to mount the RO unit components shall not
contai n pockets where noisture can accunulate. A neans for lifting renovabl e
frames and bedpl ates shall be provided.

3.17.5 Threaded Parts

Threaded fasteners shall be in accordance with MI. Spec. ML-S-1222G dated
29 Decenber 1980. Seawater piping flange fasteners shall be a nickel copper
alloy. Oher piping flange fasteners and any piping support fasteners or U
bolts shall be corrosion resisting steel. her conponent fasteners nay be
ei ther a nickel copper, corrosion resisting steel, or grade 5 or 8 alloy steel
where bolting strength is paranmount. N ckel copper (Mnel) 400 all oy ASTM
fastener systens in accordance with ASTM F467 and 468 maybe used as an
alternate to MI. Spec. ML-S-1222G dated 29 Decenber 1980. Nickel copper
al um num (K- Monel ) 500 all oy ASTM fastener systens in accordance with ASTM F467
and ASTM F468 maybe used as an alternate to MI. Spec. ML-S 1222G dated 29
Decenber 1980 provided the materials are in accordance with Fed. Spec. QQ N
00286F dated 29 Novenber 1990. Stainl ess steel ASTM fastener systens in
accordance with ASTM F593 and 594 nay al so be used as an alternate to M.
Spec. M L-S-1222G dated 29 Decenber 1980 provi ded fasteners are passivated in
accordance with ASTM A380. G ade 5 or 8 alloy steel ASTM fastener systens in
accordance with ASTM A354 and 563 may al so be used as an alternate to M.
Spec. M L-S-1222G dated 29 Decenber 1980 provi ded fasteners are subject to
decarburization testing that is perforned on one sanple per lot in accordance
with SAE J121, dass B where each lot is defined as a heat treatment furnace
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load. In addition, ASTM A563 inspection |lot sizes and sanpling shall be
nodified to require 2 sanples per lot for 50 pieces or less |lot sizes, and 3
sanples for lots with 50 or nore pieces. The conplete |lot shall be rejected if
1 nut fails to meet the test criteria. Straight thread Oring fittings shal
neet the requirenents of SAE J1926/1. The use of non-standard threaded
fasteners i s prohibited.

3.17.6 Painting
RO unit conponents shall be painted before assenbly in accordance with the
fol | owi ng:

a. Resilient mounts and hoses shall not be painted.
b. The total paint systemshall last a mninmumof 10 years w thout
blistering, cracking, pealing, or flaking.

3.18 Safety

The unit shall be designed so as to be free of personnel hazards. Al
safety features shall be such that their functions cannot be inadvertently
degraded or negated during operation, storage, shipping, handling, or
mai nt enance. All parts, components, and assenblies of the RO shall be free from
sharp edges, burrs, protruding surfaces and other harnful extraneous material.
Means shall be provided to ensure agai nst damage to wires and cables from
contact with rough or irregular surfaces and sharp edges.

3.18.1 Human Engi neering
The unit design shall incorporate the human engi neering requirenents of
ASTM F1166

3.19 Conponents
The fol |l owi ng equi pnent and conponent requirenents shall apply.

3.19.1 Piping

Pi ping, valves, fittings, and associ ated pi pi ng conponents shall neet the
requi renents of ASME B31.1, except as nodified herein. |In addition to brazing
flanges, allowed in ASME B31l.1, welded copper nickel flanges of either the
slip-on or weld-neck design are acceptable provided that interface geonetry is
unaf fected. Al |ow pressure piping systemflanges shall be dinmensionally in
accordance with ASME/ ANSI B16.5 or with MI|. Spec. M L-PRF20042E dated 16
Sept enber 1999, for non-ferrous alloy flanges, with a flat face flange facing
and non-netal lic gaskets. High pressure piping flanges shall also be
di nensionally in accordance with ASVME/ ANSI B16.5 with either a raised face
flange face and suitable spiral wound gasket or a grooved flat face design and
fluorocarbon or EPDM Oring seal. Union fittings, when used for high pressure
pi pi ng take down joints, shall be in accordance with draw ng, NAVSEA No. 803-
1385884. Piping weld joints shall be in accordance with M L-STD 22D dated 31
January 1984. Low pressure union fittings shall be in accordance with to M1I.
Spec. M L-F-1183J dated 5 May 1987 for copper nickel piping systems or conform
di nensional ly but be configured for socket wel ding and fabricated fromthe sane
material used in the piping system Qher nethods and types shown in ASVE
B31.1, Paragraph 104.3 illustrates the desired principles of branch
connections. Pipe socket welded joints shall be limted to 2-inch NPS and
smaller. The use of miter joints or wel ded pipe branch connections shall not
be permitted for any pressurized piping systenms. Use of bell end socket weld
fittings in accordance with MSS SP119 all size | ow pressure piping sections
fabricated from 70-30 copper nickel materials is also approved. Victaulic
fittings maybe used if limted to joints that will not require disassenbly for
conponent repair or replacenent over the life of the unit provided the RO unit
shock and vi bration requirenments are net. Tapered pipe threads or 37 degree
flare are not acceptable except for freshwater systens with design pressures
bel ow 50 psi and provided the RO unit shock and vibration requirenents are net.
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The desired configuration shall have all required ship piping interfaces
conpatible with 70-30 Copper N ckel piping and fittings. Maximumvelocity for
titanium Superaustenitic or duplex, nonel (N ckel-Copper), or N -Cr-M-Fe

al | oy pi pe and conponent nozzles shall be 15 ft/sec with a mininumvelocity of
4 ft/sec. To ensure mnimal pipe wall |oss due to erosion, all copper nickel

pi pi ng shall be 70-30. Sizing of 70-30 copper-nickel seawater and brine piping
(and conposite material components if used) shall be such that during norma
operation, seawater velocity will be naintained as foll ows:

MAXI MUM VELOCI TY FOR 70-30 COPPER- NI CKEL PI PE AND TUBI NG

5.0
6.0
3/4 OD 6.0
1/2 NPS 6.2
3/4 NPS 6.8

1 NPS 7.4
1-1/4 NPS 8.2
1-1/2 NPS 8.6

3.19.1.1 Pipe and Tube Bends

The bendi ng and fabrication of bent pipe and tube assenblies shall be in
accordance with ML-STD 1627 except that post bend weld treatnent shall be in
accordance with ASME B31.1 instead of Section 6 of ML-STD 1627. Pipe or tube
bend radius shall be no less than 2 tines the pipe outer dianeter (OD). For
pi pe or tubing bent to a radius of less than 5 tines the OD, the piping or
tubi ng shall have an increase in wall thickness over the wall thickness
requi red for straight piping or tubing of the same size, material, and pressure
rating, such that the resulting hoop stresses in the front wall does not exceed
t he maxi mum al | owabl e stresses specified in ASME B31.1. Al bent pipes shall
be free of winkles. Buckles, bulges, hunps, steps or dents shall not exceed 3
percent of nominal pipe OD and shall blend snoothly in a gradual manner.

3.19.1.2 Connections to Resiliently Munted Conponents
Hard pi ping connections are not pernitted between stationary and
resiliently nounted conponents.

3.19.2 Hoses

H gh- pressure hose shall neet the requirenments of S6430- AE- TED- 010 for hose
installation. Hose installations shall have mnimal static |oading (for
exanple no “U or 90-degree bends are permitted). The use of pre-forned or
cast hose shall be avoi ded. Al'l high and | ow pressure hose end fittings shal
be a reusabl e design that shall not use band clanps to secure the hose to
fitting. Al hose fitting end designs shall conformto either an approved
pi ping union or flange, SAE J1453 for an Oring face seal or a split clanp
arrangenent using a face seal Oring joint. A threaded fenale type connection
into a conmponent shall utilize a SAE J1926 straight thread Oring seal
Tapered pipe threads or 37 degree flare are not acceptable except for
freshwat er system hose connections with design pressures bel ow 50 psi and
provi ded the RO unit shock and vibration requirenments are net. The service
life for the hose shall be 15 years. Appropriate naterials (see para. 3.16)
shal|l be selected for the hose and fittings. Flexible hose assenblies shal
have a safety factor of 4 to 1 based on the burst pressure relation to the
rated working pressure. In other words, the burst pressure is 4 times the
rated working pressure. Each hose shall be marked at repetitive intervals
along the lay-line with the information listed as foll ows:

a. Manufacturer’s name or trademark
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b. Size by dash nunber (The dash nunber is normally the hose inside
di ameter in 16ths of an inch.)
c. Quarter and year of cure or manufacture.
The hose nmanufacturer nmay include additional information provided the
repetitive interval is nmaintained

3.19.3 Pretreatnent System

The RO unit seawater pretreatnent systemshall be sufficient to ensure
that for incom ng seawater having the properties listed in para. 3.3.3 shal
continuously provide filtrate to the nenbranes having an SDI of 5.0 or |ess
and turbidity of 1 nephelometer turbidity unit (NTU). Pretreatnment system

shal | be designed such that the final cartridge filters will not require
repl acenent at |ess than after 1080 hours of continuous or intermttent
operation when the unit is properly flushed with freshwater. |ndividua

conponent design requirenments and recomendations are listed in paras. 3.19.5
and 3.19.6.

3.19.4 Strainer

A single Y or sinplex strainer with 1/32” nesh shall be provided with the
RO unit. This strainer will be installed in the seanwater feed system upstream
of the ROunit. This strainer is installed by the installing activity and does
not have to be included within the RO unit boundary.

3.19.5 Media Filter

A nedia type pre-filter shall be installed that automatically back flushes
and rinses at a differential pressure set point and on a set periodicity. The
filter shall be sized such that the media has a design life of at |east 7,500
hours when operated on a seawater feed with the properties listed in para.
3.3.3. The control systemshall be designed to automatically secure the RO
unit when back-flushing is required and restart the unit automatically
including automatically resetting the final permeate three-way dunp valve to
direct the final perneate to the ships potable water tanks when the back-flush
and nedia filter rinse is conplete. The nedia filter flux rate shall be no
greater than 9 gpm per square foot of surface area. Back flush flow rate shall
be approxinmately twice the nornal feed flowrate. The rinse flow shall be
approximately the normal feed flowrate. The nmedia filter differential
pressure shall be nonitored and al arm condition di splayed on the HM when the
filter differential does not drop below the reset point follow ng a back flush
The nedi a shall consist of the foll owi ng granul ar sem -perneabl e standard
material. The respective depth shall be specified by the RO unit nmanufacture.

Anthracite (top | ayer)

Effective size: 1.3-2.0 nm Uniformty coefficient: 1.5-1.8
Anthracite (second | ayer)

Effective size: 1.0-1.6 nm Uniformty coefficient: 1.5-1.8
Sand

Effective size: 0.4-0.8 nm Uniformty coefficient: 1.3-1.8
Gar net

Effective size: 0.2-0.6 nm Uniformty coefficient: 1.5-1.8
Gravel (distribution channel cover)

Effective size: 3-10 mm

3.19.6 Filters

A final cartridge type filter shall be installed upstreamof the HP punp to
provide final filtration and protect the punp and nenbranes from nedia
carryover. Cartridge Filter elements available only froma single nmanufacturer
are prohibited. Cartridge filer shall be sized with sufficient area to support
a mninumecartridge life of 1080 hours when installed downstream of the
upstreamnedia filter. Filter elenments shall be a standard 2 or 2.5 inches
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diameter, 10 to 30 inch design. The filter differential pressure shall be
nmonitored and al arm condi tion di spl ayed on the HM.

3.19.7 Punp Bal anci ng

Al'l noving conponents in reciprocating type punps shall be bal anced as
necessary to neet the torsional vibration requirenments of ML-STD 167/2 dated
19 June 1987, type IlIl. danped or glued weights are unacceptable.

3.19.8 Punp Mtor Mounting

A neans shall be provided for adjusting and aligning the punp to its
driver. The punp and driver conbination shall be nounted on a conmon platform
Direct coupl ed punps shall be coupled to the notor using a dry type coupling
that does not require lubrication. Belt driven punps shall utilize a
synchronous drive belt and sheave system

3.19.9 cuards
Quards shall neet OSHA 1910.219 and ANSI B15.1 requirenments for
construction and safety.

3.19.10 Accunul ators/ Pul sati on Danpeners

Accunul ators and/or pul sation danpeners shall be used on all positive
di spl acenment punp designs and neet the requirenents of Reciprocating Punp
St andards of the Hydraulic Institute.

3.19.11 Perneate Sanpling

A means shall be provided for obtaining sanples of the perneate from each
pressure vessel and fromthe conbined final perneate discharge w thout
di srupting the perneate output flow or disnmantling piping or fittings.

3.19.12 Reverse Csnosis El enent (Menbrane) |solation

A means shall be provided for isolating 100 percent of the installed first
pass menbranes by securing the permeate outlet w thout disrupting the feedwater
and brine flow through the nmenbrane.

3.19.13 Reverse Csnosis El enent (Menbrane)

The RO menbrane el enent shall have a mininumstabilized salt rejection rate
of 99.4 percent. The overall first pass menbrane flux density with norna
seawat er feed (45,000 ppm of TDS) shall not exceed 12.5 gal |l ons per square foot
per day (gfd) at seawater tenperatures up to 104 degrees F. The RO unit shal
be designed to use nenbranes fromthree different manufactures. Second pass
menbr anes shall be designed with a 0.95 nenbrane fouling factor or the
equi val ent. Second overall pass nmenbrane flux shall not exceed 22 gallons per
square foot per day (gfd).

3.19.14 Dunping System

A means shall be provided to automatically dunp high TDS perneate to waste
and to manually redirect perneate to freshwater storage tanks again, once
satisfactory perneate quality has been restored. This conponent shall be
equi pped for indication at the ship’'s renote control panel when the systemis
in the dump node. Wthin 1 second of receiving a signal fromthe salinity
nmonitoring system the dunpi ng conponent shall be capable of redirecting
perneate fromthe freshwater tank line to the overboard line. The conponent
shal | be provided with a neans of nanually diverting perneate flow to the ships
storage tank during energency conditions. The systemshall automatically dunp
the pernmeate to overboard upon a | oss of power. The dunping systemshall neet
the test requirenents in para. 4.5.17
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3.19.15 Low Pressure Relief Valves

Lowpressure relief valves shall neet the requirements of ASTM F1508 with
Suppl enents S1 through S4. Rupture disks shall not be used as a neans of
preventing over-pressurization.

3.19.16 H gh Pressure Relief Valves

H gh-pressure relief valves shall neet the requirenents of ASTM F1508 with
Suppl enents S1 through S4. Rupture disks shall not be used as a neans of
preventing over-pressurization.

3.19.17 Fl ow Measur ement

The instrument shall have an accuracy of + 5 percent or better at ful
flow Paddl e-wheel flowneters shall not be used.

3.19.18 Totalizing Fl owreter

The totalizing perneate fl ow nmeasurenment shall have a repeatability of £ 2
percent over the full range of flows at a constant tenperature. The totalizing
fl ow neasurenent shall neasure the perneate flowing into the freshwater tanks.

3.19.19 Freshwater Flushing

The RO unit shall include provisions and a connection to freshwater flush
the conpl ete system using de-chlorinated shipboard freshwater. This freshwater
flush shall be initiated by activating a renote distilled water transfer punp
(punp is not supplied with the ROunit) via a contact rated for 110 VAC, 1
phase, 60 Hz, and aligning the unit for the freshwater flush. This freshwater
flush shall be acconplished autonatically whenever the RO unit is secured and
at one week intervals. The fresh water flush procedure and | ay-up shall be
suitabl e for extended | ay-up of the RO unit without the use of chemicals. RO
unit lay-up with chemcals shall only be required when there is no source of
freshwater. The RO unit control systemshall indicate a sunmary fault alarm
and open the renote punp run contact when the freshwater flush fails to
conplete due to lack of sufficient fresh water pressure. The freshwater flush
duration shall be identified by the RO manufacture and sufficient to reduce the
total dissolved solids |evel of the concentrate discharge fromthe first pass
to bel ow 800 ppm TDS.

3.19.20 Chenical d eaning Equipnent

Provi sions shall be installed to permit chem cal cleaning/disinfection s of
the first and second pass nenbranes independently. The desired cleaning nethod
is to provide connections in the feedwater inlet, brine/concentrate, and
perneat e di scharge for connection of a chenmical cleaning circulation system
This chemical circulation systemwll circulate the cleaning/disinfectant
chem cal s through the nenbrane using a punp. This circulation systemand punp

does not have to be provided with the RO systemas a special tool. The
cl eani ng procedures and reconmended materials nust be detailed in the technica
manual . Installation of a permanently nounted cleaning tank is not required

3.19.21 Hi gh Pressure Punps

The hi gh pressure punp shall be a positive displacenment design. The
positive displacenent punp shall be designed and tested in accordance with the
Anerican National Standard for Reciprocating Power Punps.

3.19.22 Distributed Isolation Material (DM

I f needed, the conplete unit shall be sound isolated by "PAD TYPE"
mountings of Distributed Isolation Material (DIM or by resilient mounts (see
para. 3.19.23). The DIMshall be selected on its denbnstrated conpatibility
with the unit environnent and shall be of the type manufactured by Fabreeka
Products Co., G lnmore Industries Inc., Kohary Industries Inc., or equal in
accordance with MI1. Spec. ML-D 24709 dated 4 Novenber 1988. |In addition
the DI M shall be selected based on its ability to attenuate noi se and
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vibration in the desired frequency range and to avoi d objectionable
anplification outside that range. DIMshall be |oaded to the degree required
for proper isolation and shall be provided with neans to prevent excess

| oading resulting fromovertightening of nounting bolts as well as neans to
mai ntain the nounted item captive under shock. Mounting bolts shall have

i sol ati on bushings of material simlar to the DIMto prevent netal-to-netal
contact. Holes for nounting bolts shall be of sufficient dianmeter to provide
clearance for the isolation bushings which is equal to twi ce the thickness of
the isolation bushings. Guidance for selection, and installation of DM
nounts is provided in publication, NAVSEA

S9078- AA- HBK- 010/ DI M

3.19.23 Resilient Munts

Resilient nounts for high pressure punp nounting or piping supports shal
be selected and installed in accordance with publication, S9073-A2- HBK-010.
Resilient elenents shall not be painted except for tenmporary application of
Sprayl at, or equal. (For guidance regarding i nadvertent painting of rubber
el ements and paint renoval, see Section 2.5.2 of publication, NAVSEA S9073-
A2-HBK-010). The resilient mounts shall only support the high pressure punp
assenbly and attached conmponents (i.e. nmotor, belt guard, desurger, suction
and di scharge dogl eg hose assenblies). The other RO system conponents shal
be separately nounted, as required to nmeet the system shock, vibration, and
noi se requirenents.

3.19.24 Perneate Treatnent

The RO unit shall be provided with an ultraviolet sterilizer in the fina
perneat e di scharge to the ships potable water tanks. The sterilizer shal
conformto ANSI/NSF 55-2002. Provisions shall be provided to secure power to
the sterilizer under no flow conditions and indicate an alarm condition upon
sterilizer failure.

3.20 Electrical Equipment

3.20.1 Ceneral

The RO unit shall operate with a separate 440 Vac, 60 Hz, three-phase,
ungrounded delta power source for the high pressure punp. Electrical power for
the control systemor any other reduced voltage requirenents shall be taken
fromthe high pressure punp 440 Vac power source. All electrical cables
outsi de el ectrical conponent enclosures shall be | ow snoke cable per ML-C
24643.

3.20.2 Mdtors
El ectric nmotors shall meet the requirements of |EEE-45 and NEMA MG 1, and
shal | have the follow ng characteristics:

NEMA Design B

Cass F Insulation

50 degrees C, anbient

Cont i nuous duty

TEFC, severe duty

Al rborne noise £ 80 dbA

Bearing tenperature rise £ 40°C neasured on the bearing outer ring
Provided with doubl e seal ed bearings

STe Teaooe

The horsepower (hp) rating of each nmotor shall be in accordance with the
notor ratings, but not less than 1.05 tinmes the brake horsepower of the driven
punmp under rated conditions of capacity and pressure.
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3.20.3 Control System Conponents

The notor controls, control |ogic devices, Programmble Logic
Controllers (PLC), switches, and HM system shall mneet the requirenents of
MI|. Spec. ML-DTL-2212H dated 10 February 1997. The HM and control system
shal | provide both visual and audible alarms. The HM shall only indicate
the first alarmor fault until the alarmis acknow edged. Manually operated
swi tches, controllers, master switches, and relays shall also neet the
requirenents of MI. Spec. M L-DTL-2212H dated 10 February 1997. A ternminal
board shall be provided for connection of the renote indications and control
inputs identified in para. 3.5. Comercial -Of-The-Shelf (COTS) components
maybe used provided provisions are taken to neet the qualification
requi renment contained in this statement of work docunent. These components
shal |l neet the requirenents of IEEE 45 and NEMA ICS 1, ICS 2, ICS 3.1 and ICS
4 as applicable. The controller for a positive displacenent type high
pressure punp shall incorporate a reduced voltage or soft start control
system This systemshall neet the interface requirenents specified in ML-
STD- 1399, Section 300A, Notice 1 dated 11 March 1992. The soft starter shall
not require a cool down period prior to initiating or reinitiating a nornal
stop or restart. The soft start shall be capable of restarting the notor at
any time, including i mediately follow ng shutdown. There shall be no limt
on the nunber of consecutive starts. This systemshall also neet the
interface requirements specified in ML-STD 1399, Section 300A with Notice 1
dated 11 March 1992 includi ng power quality requirenents. Use of aline to
line EM filter is considered acceptable to neet the EM requirenents
specified in section 3.10. EM filter line to ground capacitance shall be in
accordance with M L-STD 1399, Section 300A with Notice 1 dated 11 March 1992.

3.20.3.1 Control Panel

The control panel and its conponents shall neet the requirenents of MI.
Spec. M L-DTL-2212H dated 10 February 1997. Conmerci al - O f-The-Shel f (COTS)
conponents maybe used provi ded provisions are taken to neet the qualification
requi renent contained in this statement of work docunment. These conponents
shall meet the requirenents of IEEE 45 and NEMA ICS 1, ICS 2, ICS 3.1 and ICS 4
as applicable. The control panel shall be prewired to the maxi num extent
possi bl e and contain the devices necessary to operate the RO unit.

3.20.3.2 Encl osures

Al'l electrical enclosures shall be totally enclosed, drip proof (15 degrees
protected) in accordance with MI|. Spec. ML-E-2036D dated 10 March 1988.
Encl osures for comercial conponents requiring fan cooling shall be spray tight
as defined by NEVA 250.

3.20.3.3 Logic Controller

A PLC shall be provided to automatically control the ROunit. A neans for
overriding and manual |y operating the systemshall be provided. The PLC and
HM program shall be naintained i n EPROM nmenory device for each component that
will allow the conmponent to be replaced and re-booted with the required
operating programw thout the need to acconplish any program ng steps.

3.20.3.4 Dielectric Strength

I nsul ati on between any pair of mutually insulated electrical circuits or
between any electrical termnal and the unit’s frane/base shall withstand the
foll owi ng conditions:

a. Insulation resistance not |ess than 10 megohnms with 500 plus 50 Vdc
appl i ed.

b. 60 Hz dielectric voltage of 1,500 volts rnms or twice the rated
vol tage plus 1,000 volts rns, whichever is greater, for one mnute wthout
any arcing, sparking, or current |eakage in excess of 10 m || anperes.
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3.20.3.5 Insulation Resistance
The insul ation resistance of all electrical components shall have a m ni mum
val ue of 10 nmegohns at 25 degrees C

3.20.3.6 Mechanical |ndexing

Mating lines, cables, and connections shall have mechani cal indexing
features to prevent inproper connection. Wring markings and indexi ng shal
correspond to the nmanufacturer’s applicabl e diagrans.

3.20.3.7 G ounding
G oundi ng of equi prent shall neet the requirenents of M L-STD 1310G dated
28 June 1996.

3.20.4 Conductivity System
Salinity indicating and controlling equi prent shall neet the confornmance
test requirenents (see para. 4.5.16).

3.20.5 El apsed-Tinme Meter
This itemshall be provided to measure total hours of HP punp operation. No
manual reset feature is pernmitted.

3.21 Technical Manuals

Encl osed with each delivered RO Unit shall be technical nmanuals and
operational docunentation with any addenda or attachnments necessary to neet
the requirenents of sections 3.21.1 through 3.21.8. Two bound hard copi es and
two el ectronic copies of the technical manual s and operational documentation
shal | be provided for the RO system

3.21.1 Ceneral. The nmanual shall precisely reflect the configuration of the
RO Unit. The manual shall consist of all data (volunes, folders, inserts,
speci fication sheets, and other documents) required for the operation and
mai nt enance of the RO System

3.21.2 Safety. The nmnual shall contain appropriate warnings, cautions, and
not es.

3.21.3 Illustrations. The manual shall contain illustrations to support the
text. Illustrations shall be suitable for locating and identifying al
conponents. Illustrations shall be prescreened, sharp, and w th good
contrast. Illustrations shall be |ine drawi ngs or photographs. Line draw ngs
are preferred over photographs. Illustrations shall not be free hand

sket ches.

3.21.4 Preparation for use. The nanual shall contain instructions for
unpacki ng, assenbling, and readying for operation

3.21.5 CQperation. Operating instructions shall include the principles of
operation; illustrations and explanation of the uses and functions of al
controls and indicators; initial set up; initial settings; and start up
normal operation, calibration, shutdown, and energency shut down procedures.

3.21.6 WMaintenance. The manual shall include the manufacturer’s mai ntenance
required for the RO Unit and shall be delineated such that it can be applied
by the intended Governnent user. The manual shall include planned and

corrective mai ntenance and overhaul procedures with lists of required test
equi prent, special tools and materials. Procedures to recognize and deal with
sensor saturation shall be included. The nonencl ature, part/nmodel nunmber and
materials shall be included. D agnostic tests and tests to ensure

sati sfactory perfornmance shall be detail ed.
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3.21.7 Troubl eshooting. The manual shall include troubl eshooting procedures
for all possible failure nodes. The procedures shall include a description of
the trouble, a possible cause, and a renmedy. The Remedy shall either provide
the corrective action or refer the user to the section in the manual, which
provi des the corrective action.

3.21.8 Parts list, illustrations and di agrans. The manual shall include a
parts list, which identifies all parts of the system The parts |ist shal

i ncl ude the actual manufacturer or vendor nane, the part nunber, and a
generic description necessary to obtain replacenent parts. Clear and | egible
illustrations shall identify all component parts and parts rel ationships.

El ectrical point to point wiring diagrans with wire nunbers shall be

provi ded. System diagrans shall be included as necessary.

3.22 Provisioning Data

Provi sioning data shall be provided for the first production RO system
in the contractor’s format. Al lines, synbols, letters and nunerals shall be
readabl e and in accordance with industry standard.

3.22.1 Provisioning Technical Docunentation

The provisioning docurmentation shall include all user replaceable parts
and shall include a breakdown of the unit’'s assenblies and sub-assenblies
down to the individual replaceable parts.

3.22.2 Provi sioning parts |ist

The provisioning parts list shall include piece part informtion on al
user replaceable parts. CAGE and part nunber information shall be for the
actual nanufacturer of the conplete finished part as used in the RO System
Data required for each itemas foll ows:

a. Manufacturer’s CAGE

b. Manufacturer’s Part Number

c. Nomencl ature

d. Unit Price

e. Remarks (nmandatory change-out or other part infornation)
3.22.3 Suppl erent ary provi sioning techni cal docunentation

Suppl erentary provi sioning technical docunentation shall be provided
for each itemon the provisioning parts |list. Supplenentary provisioning
techni cal docunentation is technical data used to describe parts of
equi prent. It consists of specifications, standards, draw ngs, photographs,
sket ches, descriptions, assenbly and arrangenment draw ngs, schematic
di agrams, wiring and cabling diagranms needed to indicate the physica
characteristic, actions and function of the item Supplenentary provisioning
techni cal docunentation shall be provided in the follow ng order of
pr ecedence:

a. Government or recognized industry specifications or standards
(identification only, copies are not required).

b. Commercial draw ngs.

c. Comercial catalogs or catal og description

d. Sketches or photographs with brief descriptions of dinmensional
materi al, nechanical, electrical, or other descriptive characteristics. Wen

sket ches or photographs are provided for an assenbly, a parts list shall also
be provided.
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3.23 Drawi ngs

Drawi ngs shall be prepared in accordance with ASME Y14.1, Y14.2M Y14.3M
and Yl4.5M and all text witten in the English | anguage. All draw ngs shall
be conpletely legible and suitable for mcrofil mng/reproduction.

3.23.1 Types of Draw ngs
The follow ng types of draw ngs shall be prepared.

3.23.1.1 <Qutline Draw ng

An external arrangenent drawi ng shall be prepared that shows all necessary
external views of the ROunit and shall include the center of gravity, weight
(dry and operating), and all external dinensions required for reproduction of
shi p’s machi nery arrangenent draw ngs. These draw ngs shall provi de gui dance
to the shipyard in designing the foundation structure for installing the unit.
It shall show connection of the unit to the external piping including chemn cal
cl eaning, vents, and drains. The draw ng shall show the space required for
removi ng and repl aci ng nenbranes and filter elenments. Al lifting lugs or
eyebol ts and their di nensional openings shall be shown on the draw ng.

3.23.1.2 Assenbly Draw ng

A drawi ng showi ng conpl eted | ongi tudi nal and transverse cross-sectional
views of the ROunit shall be prepared that depicts the relationship of all
parts, components, and arrangenent of menbranes in their housings. The Top
Assenbly drawi ng shall identify by correspondence nunber and date, the
acceptance for Navy shock, vibration, and EM testing, where applicable.
Li beral use of enlarged views or sections shall be made. Subassenbly draw ngs
conform ng to the above shall be furnished to aid in the clarity of individual
conponents. The drawi ngs shall be such that a thorough understandi ng of the
design material selection and construction of the apparatus nmay be obtai ned
wi thout reference to related detail ed draw ngs.

3.23.1.2.1 List of Mterials

The assenbly drawi ng shall contain a list of naterials showi ng the nanes of
parts with identifying nunbers and materials of all parts. The identifying
nunbers shall al so be shown adjacent to the part shown in the various views,
with arrows pointing to the parts. Each itemshall be easily located with a
find number in a mnimumof two views.

3.23.1.3 Detailed Draw ngs

Conponent arrangenent and sectional draw ngs shall contain sufficient
i nformati on that discloses a design approach suitable to support the
manuf acture of a production prototype and lists all of the component parts
and material specifications. The draw ngs shall be conpletely dinensioned,
with finishes and wel ding symbols indicated as required for nmanufacture.

3.23.1.4 Diagrammatic Draw ngs

The di agrammatic pi pi ng arrangenment draw ng (Process and | nstrumentation
and Fl ow di agrans) shall show the conplete piping required for operating the
RO unit. Piping furnished with the unit and pi ping furnished by the
Contractor shall be clearly indicated. Location of gages, thernoneters,
val ves, orifice plates, chem cal cleaning connections, and salinity
i ndi cators shall be indicated. The drawing shall also indicate pipe size,
orifice size, flowrates, flow directions, relief valve setpoints, pressure
at the various points, shipyard maxi num back-pressure requirenments, mninmm
supply pressure, and all operating paraneters at termnal points. The actual
| ocation of each instrunent connection and conmponent shall be the sane as
that on the assenbly draw ngs. The synbols used shall be in accordance with
ASTM F1000.
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3.23.1.5 Wring Draw ngs
Wring assenbly draw ngs showi ng term nal connections shall be provided for
all electrical conponents furnished with the RO unit.

3.23.1.5.1 Eectrical Draw ngs

The el ectrical draw ngs shall consist of separate schematic (el ementary)
and connection (point-to-point wiring) diagrams to clarify the contro
functions and sinplify the wring.

3.23.1.5.2 Legends
St andard | egends and synmbol s specified in ANSI 315A shall be used on al
el ectrical draw ngs.

3.23.1.6 Data
The follow ng data shall be prepared

a. Range of velocities of seawater, brine, and freshwater in various

portions of the systemover the range of operating conditions.

b. Desalination plant capacity curves shall be prepared for the
followi ng tenperatures and salinity’s: 40 degrees F, 60 degrees F, 75
degrees F, 77 degrees F, 95 degrees F, and 104 degrees F at 35,000 ppm TDS,
40, 000 ppm TDS and 45, 000 ppm TDS.

c. Hydrostatic test pressure for the | ow and hi gh pressure sub-systens

and all simlar pertinent design data

d. Adrawing list tabulation with colums for drawing title,
manufacturer’s drawi ng nunber, and revision synbol. This |ist shal
i nclude all equi pnent drawi ngs that constitute the design. The revision
synbol colum shall be kept up to date to the tine of manufacture so that
it will indicate for each drawing the revision applicable to the equi pnent
as built.

e. List of recommended onboard repair parts and quantities reconended

f. Any prior approved procuring activity deviations.

g. Vibration, EM, and electric interface testing.

h. Certificates of Conpliance for materials used in critical conponents
such as HP punp, relief valves, flow neters, high pressure piping, valves
and fittings, pulsation danpener, and pressure vessels.

3.23.1.7 Purpose of Draw ngs
Suf ficient drawi ngs shall be prepared to:

a. Provide design infornation to ensure confornmance to requirenents of
this specification, including conmpatibility with ship and ship systens.

b. Evaluate performance and nmai nt enance capability.

c. Enable shipyard installation without contractor’s assistance.

d. Enable naval ship and shore activities to repair and maintain the
itemw thout assistance fromthe original contractor

3.23.1.8 Final Draw ngs

Final submitted drawi ngs and associated lists shall be to the |evel that
provi des engi neering definition sufficiently conplete to support the purposes
i sted above without resorting to additional product design effort, additiona
design data, or recourse to the original design activity, and the specific
requi renents in this specification. As-built dinmensional draw ngs shall be
submitted with each unit.

3.24 Reliability Definitions
3.24.1 Corrective Miintenance

Al actions perforned as a result of failure, to restore an itemto a
specified condition. Corrective maintenance can include any or all of the
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followi ng steps: Localization, Isolation, D sassenbly, Interchange,
Reassenbly, Alignment, and Checkout.

3.24.2 Preventative M ntenance

Al'l actions perfornmed in an attenpt to retain an itemin specified
condition by providing systematic inspection, detection, and prevention of
i nci pient failures.

3.24.3 Mean-Ti ne- Bet ween-Fai | ure ( MIBF)

A basic neasure of reliability for repairable items: The nean nunber of
l[ife units during which all parts of the itemperformwi thin their specified
l[imts thereby permitting the unit to nmeet mssion function, during a
particul ar nmeasurenent interval under stated conditions.

3.24.4 (Qperational availability (A)

A measure of the degree to which an itemis in an operable and comittable
state at the start of a m ssion when the mission is called for at an unknown
(random tine.

3.24.5 Unit Design Life
The nunber of design life units from manufacture to when the item has an
unrepairable failure or unacceptable failure rate.

3.24.6 Mean-Ti ne-To-Repair (MITR)

A basic neasure of maintainability: The sum of corrective nmintenance
times for any specific repair, divided by the total number of failures within
an itemfor that specific repair, during a particular interval under stated
condi ti ons.

3.24.7 Maximum Tinme To Repair (Mmaxct)
The maxi mumtine to performcorrective mai ntenance for any specific
repair.

3.24.8 Mean Preventative Mintenance Tinme (Mt)

The sum of preventative maintenance tinmes for any specific maintenance
item divided by the total nunber of preventative maintenance itens for that
specific item during a particular interval under stated conditions.

3.24.9 Maxi mum Preventative Mintenance Tine (Mrmaxpt)
The maximumtine to perform preventative nmi ntenance for any specific
mai nt enance item

3.24.10 Mean Mai ntenance Ti me

The neasure of itemmaintainability taking into account nai ntenance
policy. The sum of preventative and corrective nmintenance tines, divided by
t he sum of schedul ed and unschedul ed mai nt enance events, during a stated
period of tinme.

4.0 QUALITY ASSURANCE PROVI SI ON

4.1 Responsibility for Inspection

Unl ess ot herwi se specified in the contract, the Contractor is responsible
for the perfornmance of all inspection requirenents specified herein. Except
as otherw se specified in the contract, the Contractor nmay use his own or any
other facilities suitable for the performance of the inspection requirenents
specified herein. NSW reserves the right to performany of the inspections
set forth in the contract where such inspections are deened necessary to
assure supplies and services conformto prescribed requirements. Any
i nspections perforned by NSWC shall not relieve the Contractor of its
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responsibility for quality assurance and for providing RO units, which
conformto the contract requirenents.

4.1.1 Quality Program Requirenents

The Contractor shall provide and maintain a quality systemthat, as a
m ni num adheres to the requirenments of either MI. Spec. ML-1-45208A dated 20
Sept enber 1995 or ANSI/ | SO ASQC Q001-1994 or ANSI/| SO ASQC @002-1994 and
suppl enental requirenents inposed by the resultant contract. Confornance wth
t hese requirements shall not be construed as relieving the Contractor of
final responsibility to furnish equi pnent and services neeting specification
requirenents. Utilization of a material review board requires the witten
approval of NSWC

4.2 dassifications of Inspections
The inspection requirenents specified herein are classified as foll ows:

a. First article inspection (see para. 4.3).
b. Confornance inspection (see para. 4.4).

4.3 First Article Inspection

First article inspection shall consist of exami nations and tests specified
in Table I11. For designs not previously approved for U S. Navy shi pboard use
a design review neeting shall be held prior to initial manufacturing of the
unit to evaluate the design and review the cal culations and analysis for the RO
unit. This design review neeting does not absolve the manufacturer of
responsibility for meeting the requirements of this specification. Unless the
Navy has previously qualified the unit being offered for production, a 45-day
(2160- hour) qualification test shall be conducted on full density natura
seawat er to denonstrate the unit’'s ability to neet the requirenents for
performance, reliability, and endurance. A procedure for this test shall be
submitted to NSWC for review and approval 20 days prior to comrencenent of the
test.

4.4 Conformance | nspection
Confornmance inspection shall be perforned on all RO units prior to delivery
and shall consist of applicable exaninations and tests specified in Table IV

4.5 Exami nation Tests

The RO unit shall be exam ned and tested for conpliance with the
requi renents specified in Section 3. Any necessary redesign or nodification
following failure to neet the specified requirements shall receive particul ar
attention for adequacy and suitability. This elenent of inspection shal
enconpass all visual exam nations and di nensi onal measurenents. Were
possi bl e, pressure boundary welds for both freshwater and seawater service
shal |l be examined to verify that the welds are free of crevices, notches,
porosity and pockets. Nonconpliance with any specified requirenents or
presence of one or nore defects preventing or |essening maxi mum efficiency
shall constitute cause for rejection. The RO unit shall be checked (by the
procuring activity representative) with respect to material, finish
construction, assenbly, dinensions, weight, and marking of identification and
description plates. For confornmance inspections (see para. 4.4), this
exami nation shall be Iimted to those inspections that can be perforned w thout
di sassenbling the unit in such a manner that its perfornmance, durability, or
appear ance woul d be affected. The conpleted RO unit shall be exanmined to
ensure that the required controls, indicators, valves, electrical equipnent and
ot her conponents are installed. Parallel or conmbined testing is pernitted,
provided the intent of any test is not conprom sed.
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4.5.1 45 Day Qualification Testing

For new RO system designs and vendor first-article testing, a 45-day test
on natural seawater is required (see para. 4.3). Test shall be conducted by a
NSWC approved i ndependent, certified test facility. For this test, a single
1,200 GPD RO unit shall be operated continuously (or as nearly so as practical)
for 45 days using natural, full-density seawater of 32,000 ppm + 4000 ppm TDS
with a 15 minute SDI of at least 6.0. A closed loop test facility is
prohibited for this test. A neans shall be provided for operating the RO unit
at feedwater tenperatures between 75 to 104 degrees F and 45,000 ppm = 2000 ppm
TDS to denonstrate its ability to neet the capacity and salinity required in
para. 3.3. This operating range test shall be acconplished at the begi nning of
the 45 day test and at the end. A portion of the brine and perneate naybe re-
circulated for this portion of the test. Performance shall be within the
requirenents listed in para. 3.3. Additionally, at |east one hour of testing
shal | be conducted at 60 degrees F, plus or mnus 3 degrees F, seawater feed
t enperat ures. It shall be denonstrated that the capacity over the specified
period of operation is not |less than the specified rated capacity at m ni mum
inlet temperature and conditions specified in para. 3.3.1.1. Operational
requi renents of para. 3.4 and menbrane flux density (see para. 3.19.13) shal
be denonstrated. There shall be no nore than a 15 percent reduction in
nornmal i zed production rate between the start and conpl etion of the test.
Normal i zati on shall be determ ned in accordance with ASTM D4516 to standard
conditions. Standard permneate pressure shall be assunmed to be 15 psig.
Perneate water quality shall neet the requirenments of para. 3.3.4 at all tines
during the test, based on 45,000 ppmfeed water (see para. 4.5.3). There shal
be no nore than a 15 percent increase in perneate salinity (ppm TDS) over the
course of this test. Menbrane data and analysis shall be utilized to verify the
capability of the unit to meet production under the fouled condition. The
accuracy of the salinity monitoring systemshall be demonstrated during this
test.

4.5.1.1 Pre-test

Prior to the start of the qualification test, all safety and nechani cal
systens and devi ces shall be verified to be in proper working order. Al
conponents, instruments, nonitoring, controls, and flow neasurenent devices
shall be functional and calibrated

4.5.1.2 Data Recording

Prior to the start of the 45 day test and again at the conpletion of the
test, dinensions shall be neasured and recorded for key wearing conponents in
the pumps. Simlarly, an internal visual exam nation shall be nade of the
brine throttling device before and after the test. Initial readings shall also
be recorded for pressures, tenperatures, flows, feedwater pH, salinity
(seawater feed, brine, and perneate) and punp | eakage rate. The nanufacturer
is encouraged to reconmend ot her readings that shall be nonitored. Unit
shut downs shall only be pernmitted for routine naintenance such as changi ng punp
oil. The time required for performing all maintenance and repairs during this
test shall be recorded. The test shall be extended to nake up for the downtine
for repairs until the full 45 day first article test has been conpleted. In
the event repair and nmintenance tines exceed the limtations specified in
para. 3.7, the test will be considered unsuccessful. At set intervals during
the test, the SDI values for the seawater feed and the water exiting the
filters shall be measured to denonstrate that the filters provide filtrate
having a 15 minute SDI of 5.0 or less for the duration of the test.

4.5.1.3 Post-test Examination and Report

A post test exami nation shall be perforned to determne if any internal
corrosion (see para. 3.16), damage or paint deterioration (see para. 4.6) has
occurred that would prove detrinental to the specified (see para. 3.3.5)
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service life of the ROunit. Seawater pipes (including hoses) and boundari es
that can be di sassenbl ed shall be opened and exam ned for corrosion
(degradation) and pitting (see para. 3.16). Representative sections of flanged
hi gh and | ow pressure piping, systemvalves nmenbrane pressure vessels, and
pretreat ment system pressure vessels shall be inspected. Record these results,
along with the results of the punp and throttling device inspections specified
in para. 4.5.1.2.

TABLE [11.- FIRST ARTI CLE | NSPECTI ON
FI RST ARTI CLE EXAM NATI ON REQUI REMENT EXAM NATI OV PROCEDURES
OR TEST TEST
Desi gn revi ew 1.4, 3.0 4.3
Characteristics
Envel ope si ze, 3.1 4.5
(i ncl udi ng
mai nt enance access)
Term nal | ocations 3.1.1 4.5
System requirenents 3.1.2 4.5
Controls and indicators 3.5 4.5 4.5.1.1
Salinity indicating system 3.5.2 4.5 4.5.16/17
I nterchangeability 3.9 4.5
Identification plates 3.15, 3.20.3.6 4.5
Material s 3.16 4.5 4.5.1.2
Fabri cation 3. 17 4.5.11, 4.5.12 4.5.11
Frames and bedpl at es 3.17. 4 4.5
Pai nt 3.17.6 4.5, 4.6
Saf ety 3.18 4.5
Conponent s 3.19 4.5
El ectrical equi prent 3.20 4.5 4.5.1.1
Per f or mance
45 day qualification 3.2.1, 3.16 4.5.1 4.5.1
Per meat e production rate 3.3.1.1 4.5.1
Pernmeate water quality 3.3.4 4.5.3
Operation
Nor mal operation 3.4.1 4.5.1
Moni t ori ng 3.4.2 4.5.16, 4.5.17
St art - up/ shut down 3.4.3 4.5.1
Cl eani ng 3.4.4 4.5
Ener gy consunption 3.4.5 4.5.2
Electric controls 3.5, 3.20.3 4.5 4.5.1.1
Preventative nai ntenance 3.6 4.5.9 4.5.9
and repair
Reliability 3.7 4.5.10
Hydrostatic pressure 3.8 4.5.5 4.5.5
El ectromagnetic interference 3.10 4.5.15 4.5.15
Vi brati on 3.12 4.5.7 4.5.7
Ship attitude or notion 3.13 4.5
Conponent s
Filters 3.19.6 4.5.1.3 4.5.1
Fl ow neasur ement 3.19.17, 3.19.18 4.5.1.3
El ectrical equi pment
Dielectric strength 3.20.3.4 4.5.13 4.5.13
I nsul ation resistance 3.20.3.5 4.5.14 4.5.14
El ectric power systeminterface 3.20.3 4.5.18 4.5.18

33



TABLE | V.- CONFORMANCE | NSPECTI ON

EXAM NATI ON CR TEST REQUI REMENT QUALI TY CONFORMANCE PROCEDURES
TEST

Characteristics

Term nal points 3.1.1 4.5
Identification plates 3.15, 3.20.3.6 4.5
Saf ety 3.18 4.5
Conponent s 3.19 4.5
Per f or mance
8- hour performance 3.2.2 4.5.4 4.5.4
Perneate flow rate
i ndi cation 3.3.1.1 4.5. 4
Salinity indicating 3.5.2 4.5.16,4.5.17 4.5. 4
System 4.5.17.2
Hydrostatic test 3.8 4.5.5 4.5.5
El ectrical equi pment
Dielectric strength 3.20.3. 4 4.5.13 4.5.13
I nsul ation resistance 3.20.3.5 4.5.14 4.5.14

4.5.1.4 Post Test

At the conclusion of the qualification testing (see para. 4.5.1), flush the
unit with freshwater, renove the RO nmenbrane test elenents and filter nedia,
drain and dry the ROunit. A new set of RO menbrane elenents still in their
ori gi nal packing shall be shipped with the unit. These shall not be installed
until the ROunit is ready for operation. The test RO nenbrane el ements may be
reused for subsequent testing of other units if they are properly preserved and
stored between tests.

4.5.1.5 Acceptance Criteria

To pass the 45-day operational test, no major conponent shall cause the RO
unit to fail to provide acceptable pernmeate at any tine during the testing (see
paras. 3.3.4 and 4.5.1). There shall be no indications of general corrosion
that results in a wall loss greater than 1 ml internal to the unit. Localized
crevice corrosion over 2 mls wide and pits in excess of 15 mls deep will also
constitute failure. External surface oxidation or rust of painted conponents
or unit franme shall not exceed 1 square inch per any square foot area of the
assenbly. For the purpose of this test, major conponents are defined as:

Centrifugal separator (if used)
Filters and housi ngs

H gh pressure punp and notor

RO nenbranes and pressure vessels
Brine throttling device

Fl ownet er s

Accunul at or/ pul sati on danpener
Salinity nonitoring and dunpi ng system
St rai ner

Control s

X TToDKQ PO 0009

4.5.2 Energy Consunption

The RO unit shall be tested to determ ne nmaxi num power required for
operation (see para. 3.4.5). Maximum power is defined to include all electric
conponents operating at maxi mum | oad.

4.5.3 Perneate Water Quality
The perneate water quality shall neet the requirenents specified in para.
3.3.4 when operating with full-density natural seawater. The salinity content
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shall be tested using the salinity indicating equiprment installed on the unit.
For first article inspection, the salinity content shall be verified, both at
the beginning and at the end of the tests, by an independent, certified

| aboratory. The test for chloride ions shall be in accordance with ASTM D512.

4.5.4 8-hour Qperational Test

An operational test shall be conducted on each production RO unit offered
for delivery. Prior to the start of the qualification test, all safety and
nechani cal systens and devices shall be verified to be in proper working order.
Al'l conponents, instrunents, nonitoring, controls, and fl ow neasurenent devices
shall be functional and calibrated. Each unit shall be operated for 8-hours
continuously with nmenbrane simulators installed that are sized to allow the
unit to operate at the maxi mum desi gn operating pressures. The salinity
content of feedwater shall not exceed that specified in para. 3.3.4 for the
final perneate. Al conponents and controls shall be functional during the
entire test. The accuracy of the salinity nonitoring systemshall be
denonstrated during this test.

4.5.4.1 Post Test

After the 8-hour test, flush the unit with freshwater, renove the RO
menbrane sinulators and cartridge filters, drain and dry the ROunit. A new
set of RO menbrane el enents and pre-filter media, still in their origina
packi ng, shall be shipped with the unit. The nenbranes will not be installed
until the ROunit is ready for operation

4.5.4.2 Acceptance Criteria

The acceptance criteria for the 8-hour operational test shall be that no
nmaj or conponent causes the RO unit to fail to provide acceptabl e perneate at
requi red capacity during the 8-hour run (see para. 3.3.4). Mjor conponents
are the same as those listed in para. 4.5.1.5. Mnor conponents such as
pressure and tenperature gages and switches, valves, relief valves, and hoses
may be repaired during this test. The test shall then be extended to make up
for the dowmntine for repairs until the full 8-hour operation has been
successful ly conpl et ed.

4.5.5 Hydrostatic Pressure

The RO unit, except nenbranes and filter elenents, shall be subjected to a
hydrostatic pressure test of 1-1/2 times the design pressure (50 psig mninmun).
Test pressure shall be successfully held for 30 m nutes before visual
i nspection. There shall be zero | eakage in all areas except at the punp
packi ng, where applicable.

4.5.6 Not Used

4.5.7 Vibration

The assenbl ed RO system shall neet the vibration requirenments specified in
3.12 and shall be tested in accordance with ML-STD-167/1 dated 19 June 1987
More than three interruptions during the endurance portion of the test, in any
one axis, will require retesting after the problem has been resolved. The RO
unit shall be operational during testing using synthetic, full-density
feedwater at rated capacity. After the vibration test, a 4-hour performance
test shall be perfornmed. Reciprocating type high pressure punps (if used)
shall al so be anal yzed and tested for Type Ill torsional vibration in
accordance with M L-STD 167/ 2.

4.5.8 Not Used

4.5.9 Miintainability
The RO system shall meet the requirements for maintenance and repair as
specified in para. 3.6. The manufacturer shall denonstrate, as part of the
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first article testing, the maintenance procedures and renoval of parts fromthe
unit for repair and the time required for acconplishment.

4.5.10 Reliability
The RO system shall neet the requirenents of para. 3.7.

4.5.11 Data Collection, Analysis and Corrective Action

R&M Data Col | ection, Analysis and Corrective Action (DCACA) program shal
be performed. The R&M DCACA program i ncludes the Failure Reporting, Analysis
and Corrective Action System (FRACAS) in accordance with M L-STD- 785B dated 3
July 1986, Task 104 and the DCACA programin accordance with M L-STD 470A
dated 26 August 1987, Task 104. The R&M DCACA Program applies to al
equi pment procured by this statement of work document. The DCACA program
shal | comence when an equi pnment undergoes any test activity and shal
continue through final RO unit acceptance. The R&M DCACA program shal
i ncl ude:

a. Docunentation of all nalfunctions according to the follow ng
definition: Malfunction event - an event in which an item does not
performits intended function, regardl ess of inpact on equi pnent or system
performance or the method and duration of restoration.

b. Analysis of each malfunction or technical problemw th enphasis on
pattern mal functions to include identification of repaired, replaced or
adjusted item circunstances surrounding the mal function, malfunction
synpt ons, and probabl e cause of nal function

c. Cassification of malfunction events as failures or non-failures
according to the following definitions: Failure - any malfunction or
conbi nati on of nmal functions that prevents an equi pment or system from
operating in one or nore nodes of operation in accordance with the
performance requirenents. Non-failure - any nmalfunction or conbination of
mal functions that is not classified as a failure shall be classified as a
non-fail ure.

d. Cdassification of failure based on its relevancy. Relevant and
non-rel evant failure definitions shall be as specified in ML-STD 781D
dated 17 Cctober 1986, paragraph 4.7, nodified as follows:

(1) Add the followi ng typical relevant failures to para. 4.7.1:
Desi gn defects
Manuf act uring defects
Parts defects
Unknown
Al'l other categories not specifically listed as non-
rel evant

(2) Add the followi ng typical nonrelevant failures to para. 4.7.2:
Acci dents, nishandling, or inproper storage after
installation check-out.
Operator or procedural error (provided docunentation errors
are pronptly corrected and verified by the Supplier).
Installation or nmaintenance errors due to draw ng error
i mpl enentati on (provided docunentation errors are pronptly
corrected and verified by the Supplier).

(3) In addition to the above classification criteria, the

followi ng requirenents apply to para. 4.7.1:

Failure due to wong or nmissing parts is relevant unless
clearly in a non-relevant definition
A transient failure, which is non-repetitive and does not
require repair, is non-relevant. The second such failure
and any additional failures of this type shall be
consi dered rel evant.
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Failure of a serial or redundant item as the direct result
of failure of another serial item is non-relevant.
However, a failure of a redundant itemthat causes failure
of a series itemor the entire redundant function shall be
considered a relevant failure. Failures are not nultiple
unl ess they are independent.

e. Statement for each nmal function of the inmediate corrective action
and recommendation, if different, for pernmanent corrective action

f. Verification that corrective action has been inplenented in
appl i cabl e source control draw ngs, maintenance manual s, and ot her
techni cal dat a.

g. Analysis of nmaintainability problens to deterni ne required
corrective actions, such as, equi pnent design change to inprove
accessibility, repair time, frequency of failure, or docunentation

h. The Contractor shall participate in a Buyer's failure revi ew board.

i. Failure Summary reports and DCACA Reports shall be prepared.

4.5.12 Wl ding Inspection

Al stages of welding and brazing shall be subject to full-time inspection
by the procuring activity representative to ensure manufacturer conpliance with
the requirements of publication, NAVSEA S9074- AR-G B-010/ 278 and ASME Section
I X. Such inspection shall not relieve manufacturer of his responsibility to
provide quality materials and workmanshi p. Butt-wel ded pressure boundaries
wi th design pressure over 300 psig shall receive radi ograph i nspection in
accordance w th publication, NAVSEA S9074- AR-d B-010/278. Al wel ded seam hi gh
pressure seawater or brine piping shall be 100 percent Radi ographic Test (RT)
i nspected and approved in accordance with publication, NAVSEA
T9074- AS-G B-010/271. Repairs to any pressure boundary shall be in accordance
with publication, NAVSEA S9074- AR-Gd B-010/ 278 and shall be acconplished
foll owi ng purchaser approval. Subsequent non-destructive testing (NDT) shal
be to publication, NAVSEA T9074- AS-d B-010/271 requirenents

4,5.13 Dielectric Strength
The RO unit shall be tested to verify that the dielectric strength
requi renents of para. 3.20.3.4 have been satisfied.

4.5.14 Insul ation Resistance
The RO unit shall be tested to verify that the insulation resistance
requi renents of para. 3.20.3.5 have been satisfied.

4.5.15 El ectronmagnetic Interference (EM)

The first article RO unit shall be tested to verify the unit nmeets the EM
em ssion and susceptibility requirenents of ML-STD 461E dated 20 August 1999
for surface ship equi pment nounted bel ow deck.

4.5.16 Salinity Indicating System

The following tests are required on the first article ROunit to determ ne
whet her the accuracy of para. 3.5.2.9 is met. Conductivity indicating systens
previously qualified in accordance with MI|. Spec. ML-S- 15103 for shi pboard
use do not require testing.

4.5.16.1 Salinity Monitor

Sinulated input to the sensor termnals of the salinity nonitor shall be
provi ded (either by decade boxes or some other neans). The salinity nmeter
shall be used to nonitor the channel being tested. Salinity renpte al arm and
renmote readout shall be nonitored. Dunp valve or the equivalent electrica
| oad shall be connected to dunp output terminals. Salinity nmonitor calibration
shall be performed by inputting the appropriate resistance values. Al of the
data points shall be inputted to each salinity channel to verify that the
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accuracy of the salinity monitor is as specified in para. 3.5.2.9. In
addition, nine data points [three conductivity levels (10, 25, 100 or 250, 100,
2000 micronmhos/cm) at three tenperatures (40, 90, 105 degrees F) for each shal
be inputted to each of the remaining salinity channels to verify salinity
nonitor accuracy. Accuracy of salinity alarmand renote al armand dunp al arm
for each salinity channel shall be verified to be as specified in para. 3.5.2.9
by simulating a fixed tenperature and slowy increasing the simnulated
conductivity until alarm actuation occurs.

4.5.16.2 Sensor Constant
The sensor constant shall be verified using the procedure specified in
Met hod A of ASTM D1125

4.5.16.2.1 Sensor Tenperature Conpensator Response

In order to determ ne the response of the tenperature conpensator to
changes in fluid tenperature, three distilled water baths shall be set up at
the follow ng tenperatures 75 degrees F =+ 5 degrees F, 125 degrees F £ 5

degrees F, 175 degrees F + 5 degrees F. The baths shall be of sufficient
volune that the tenperatures will not be significantly affected by the

i mrer si on of the sensors as specified hereinafter. The tenperature conpensator
| eads shall be connected to an ohmeter. The sensor shall be inmmersed in the
75 degrees F bath for at least 5 minutes and a resistance shall be taken. The
sensor shall then be quickly transferred (in approxinmately 1 second) to the 125
degrees F bath. Using a stopwatch, resistance readings shall be taken every 10
seconds for approximately 1 minute or until readings begin to stabilize and
thereafter readings shall be taken every 30 seconds until readings are
conpletely stabilized. The above nentioned procedure shall be repeated with
the sensor being transferred fromthe 125 degrees F bath to the 175 degrees F
bath, fromthe 175 degrees F bath to the 125 degrees F bath, and fromthe 125
degrees F bath to the 75 degrees F bath. Response of the sensor tenperature
conpensator resistance to step changes in tenperature shall be as specified in
para. 3.5.2.10.

4.5.16.3 System Accuracy (using test sol ution)

In order to determ ne system accuracy, sensors (having passed the sensor
constant test of para. 4.5.15.2 and the sensor tenperature conpensator test of
para. 4.5.15.2.1) shall be connected to a salinity nmonitor (which has passed
the salinity nonitor accuracy test of para. 4.5.15.1). Renote alarns, renote
readouts, and dunp shall be nonitored as specified in para. 4.5.15.1. Sensor
and val ve assenblies shall be installed. Solution tenperature, solution
concentration and pressure shall be nonitored by reference instrunments
t hroughout the testing. System accuracy of salinity nonitor readouts and

alarns shall be as specified in para. 3.5.2.9. Data tables shall include a
tabul ation of reference instrunents, local and renote salinity neters, limts
of error, and alarmactuation points. 1In the first sequence, solution

tenperature shall be maintained at 77 degrees F + 1 degrees F for the duration
of the test sequence while the solution concentration is increased in steps.
Test points shall cover the full neter range. At least two of the test points
shall be alarm actuation points. Each test point value shall be maintained for
at least 5 minutes. At each test point, conparative readi ngs shall be taken
for all channels of local and renote salinity meters, as well as the reference
instrunents. In addition, alarnms and dunp shall be observed for correct
actuation. In the second sequence, the solution concentration shall be

mai nt ai ned at a value within the range of the particular salinity meter. Wile
hol di ng the concentration constant, the tenperature of the solution shall be
varied over the followi ng points: 40 degrees F, 77 degrees F, 100 degrees F,
150 degrees F, and 200 degrees F. The tolerance for each tenperature shall be
plus or mnus 1 degrees F. Each test point shall be maintained for at least 5
m nutes. At each test point, conparative readings shall be taken for al
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channels on local and renote salinity neters, as well as the reference
i nstrunents.

4.5.16.4 Overrange (sensor short circuit)

The salinity indicating equi prent shall be set up as specified in 4.5.15.3,
except that the sensor shall not be imersed in a bath. A short circuit shal
be applied across the el ectrode of each sensor, one at a time, for 5 minutes
each. Following the application of short circuits, the equi pnment shall be
subjected to the systemaccuracy test specified in para. 4.5.15.3. Perfornmance
of the salinity nonitor shall be as specified in paras. 3.5.2.9 and 3.5.2.11.

4.5.17 Dunping System
The dunmpi ng system shall be tested for cyclic operation and watertightness
in accordance with paras. 4.5.17.1 and 4.5.17. 2.

4.5.17.1 Cyclic Test

The dumpi ng conponent shall be installed in a line supplied with freshwater
at a mininumof 50 psig at 60-90 degrees F and the sol enoid shall be connected
to the appropriate source of electrical power. The conponent shall be
subjected to freshwater flow for 1000 cycles of operation. During this period
of operation the conmponent shall remain watertight in both of its operating
positions. A test for watertightness in accordance with para. 4.5.17.2 shal
be conducted at intervals of approxinately 200 cycles and at the conpl etion of
the cyclic test.

4.5.17.2 \Watertightness

The conponent shall be subjected to a hydrostatic pressure of 100 psig to
test for strength and porosity. The conponent shall be subjected to the |eak
tests that follow Test duration shall be 30 minutes at each test condition
The component shall be vented prior to each test to ensure that no air is
present. The acceptance criteria for each test shall be that no | eakage be
observed fromthe appropriate port for the duration of each test:

a. The conponent in the |latched position, inlet port pressurized to 50
psig, and the dunp port at 0 psig.

b. The conponent in the dunp position, inlet port pressurized to 50
psig, and the outlet port at O psig.

c. The conmponent in the |atched position, dunmp port pressurized to 15
psig, and the inlet port at 0 psig.

4.5.18 Electric Power Interface Testing

The first article ROunit shall be tested to verify the unit contro
system and hi gh pressure punp soft start or drive neets the electric power
interface requirements of ML-STD 1399, Section 300A with Notice 1 dated 11
March 1992 for type | power systens.

4.6 Inspection of Painting Systemns

Al stages of painting shall be subject to full-time inspection by the
procuring activity representative. Such inspection shall not relieve the
manufacturer of his responsibility to provide quality nmaterials and
wor kmanshi p. I nspections shall ensure that painted surfaces are free of
mechani cal damage, blisters, cracks or flakes.
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